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FOREWORD 


Today, biology as a discipline of science has pervaded every walk oflife. It is an 
indispensable area of human knowledge for the physical, social and mental well¬ 
being and the scientific and technological growth. So the urgency of bringing 
about qualitative changes In biology education as an integral part of science at all 
school stages had been stressed in the National Policy on Education (1986). Stu¬ 
dents opting for biology as a subject of study at the senior secondary stage need to 
lie prepared adequately for the academic and professional courses at the tertiary 
level of education, and those who drop out after the senior secondary stage and 
enter the world of work need to be more equipped to meet the challenges oflife. To 
achieve ihcse dual objectives, the present textbook in biology for Class XII has 
been developed by the Biology Textbooks Development Committee in continuity 
with the textbook for Class XI published by the NCERT in 1988. 

In 1986 the NCERT set up an Advisory Committee under the chairmanship of 
Prof CNR. Rao, Director, Indian Institute of Science, Bangalore, to develop in¬ 
structional packages in science and mathematics from the upper primary to the 
senior secondary school stage, Under the chairmanship of Prof. H.Y. Mohan 
Ram, Department of Botany, University of Delhi, a Biology Textbooks Develop¬ 
ment Committee was constituted to produce an instructional package for senior 
secondary schools. The Committee consisted of eminent scientists from leading 
research institutions, outstanding teachers from universities, biology education¬ 
ists including the senior faculty members of the Department of Education in Sci¬ 
ence and Mathematics (DESM), NCERT, and practising teachers. 

My appreciation and thanks are due to Prof. H.Y. Mohan Ram, Chairman, and 
all the members of the Committee for their sustained efforts to bring out this vol¬ 
ume, 1 am indebted to all the participants of the two National Review Workshops 
for their commendable contribution towards the finalisation of the manuscript of 
this textbook. 

I would like to record my thanks to Prof, B, Ganguly, Head, DESM, NCERT, 
for making available to the Committee all facilities for holding the meetings at 
Bangalore, Lucknow and Delhi. My thanks are also due to Shri C.N. Rao, Head, 
Publication Department, NCERT, Shri D.P. Gupta, Editor, Publication Depart¬ 
ment, NCERT, and the publication team for quality production of this textbook, 



Lastly, 1 would like to record my appreciation to Prof J. Mitra, C ntmlin.*i<>r at' 
the Committee, for his constant and unstinted help to the publication team m de¬ 
signing the textbook and for seeing it through the press. 

Suggestions for further improvement of the textbook will be most Mrfuunr, 


P.L. Mat ttntHx 
ftirrrtir 

National Council of 
Educational Research and t raining 
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The textbook in biology for Class Xll is an outcome of the continuation of efforts 
to implement the National Policy on Education (1986), Part I contains two 
units—‘Multtcellularity in Plants : Angiosperms’ and ‘Multicellularity in 
Animals*—covering Unit Five and Unit Six of the syllabus, respectively. Plants, 
fungi and animals have attained an organisational level in which cells have under¬ 
gone differentiation and specialisation to develop into ‘cellular cooperatives’ with 
a marked division of labour. The cells constituting tissues and the tissues consti¬ 
tuting organs function with a remarkable harmony, in spite of retainingtheir indi¬ 
viduality. Thus, multicellularity marks a new milestone in the evolutionary histo¬ 
ry of organisms. The diverse structures and the varied functions of the Kingdom 
Plantae as depicted by angiosperms have been dealt with in Unit Five. There are 
two reasons for selecting angiosperms: they are the most highly evolved among the 
land plants and they constitute the major resource base for human needs. An ac¬ 
count of morphology, anatomy and physiology as exemplified by representative 
phyla in the Kingdom Animalia is given in Unit Six. 

A tremendous explosion of knowledge has occurred in biological sciences dur¬ 
ing the last four decades. Consequently it has become necessary to introduce sev¬ 
eral new concepts even at the secondary school level without sacrificing the basic 
aspects. 

This textbook has been written by several authors. Therefore the styles of pre¬ 
sentation of the text vary. Nevertheless, the interdisciplinary nature of biology has 
been emphasised and the linkages among the fundamental concepts of biology 
have been established. 

it is hoped that the textbook will stimulate in students the spirit of inquiry, the 
power of critical observation and the ability to understand facts and perceive 
broad biological concepts. Each unit begi ns with an overview of the contents dealt 
with in the chapters. A summary is given at the end of every chapter. 

In preparing thte book clarity has been given preference over brevity. Most stu¬ 
dents should be able to learn the contents by themselves. The text is profusely il¬ 
lustrated. Several fooxes containing additional information have been included to 
motivate studenftsto take a lively interest in the subject*.''All these have under¬ 
standably increased the size of the book. 
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The matter within the boxes does not form the course content It ts not iwnnt for 
classroom teaching and should not be used by teachers for setting qurstmm fnr the 
Board examination. 

I thank Dr P. L. Malhotra, Director, NCtiRT. for hh deep interest .»mf sus¬ 
tained support at all stages of the preparation of this fcxtlvud, .nut 
Prof. C, N. R. Rao, Director, Indian Institute of Science, Bangalore, tor persu ling 
me' and other members of Biology Textbooks Development Committee to take up 
this important, yet challenging, task, 

In the preparation of Unit Five, the following persons critically reviewed the 
drafts of the chapters mentioned against their names and offered valuable suggev 
lions: Prof. Salil Bose, jawaharlal Nehru University, New Delhi. Dr K, V Sane, 
Director, National Botanical Institute, Lucknow, Dr Gita Mathur, Oargt College, 
New Delhi (Chapter 29), Dr K.R. Shivanna and Smt. Subhadra Menon, Depart¬ 
ment of Botany, University of Delhi (Chapter 30), Dr Lakshms Devi and Dr f>. 
Mahadevan (Chapters 29 and 31). 

I am indebted to Dr S. Adhikari (Presidency College, Calcutta). Dr flharan 
Sarkar and Prof. B, Ganguly for reviewing the entire manuscript of Unit Six, Dr H. 
Chatterjee, Jawaharlal Nehru University, New Delhi, and Dr U, Maltik. NCHRl, 
New Delhi, critically went through Chapter 41 and Chapter 32, respectively, and 
made valuable suggestions. 

Deep appreciation is extended to Prof. B. Ganguly. Head, Department of Edu¬ 
cation in Science and Mathematics, NCERT, New Delhi, for his tutal involve¬ 
ment and cooperation in bringing out this work. 

Many persons have rendered ready help in several ways. Lack ofspace does not 
permit me to thank each of them individually. Nevertheless, I shall he failing m 
my duty if I did not acknowledge the enormous support and assistance received 
from Dr B. Hari Gopal, DrManasi Ram and Smt. G.S. Sundan Iyer throughout 
this endeavour.- 

It has been a pleasure working with the members of the Committee and the au- 
thora, who are talented, totally dedicated, objective and critical in their view* and 
cooperative. 1 gratefully thank all of them for their friendly spirit, labour and 


P r M '. N ' fl ’ Naif * Sh » S.K. Mtaumdar, Smt, 
photograph^ hattaCharya ° r B ‘ Hafi °° pal for «*« drawings and 

ev^ation,M Sk ' Constraim °f tim * has prevented the formative 
rrnl !! 3 °i, f h chapters. However, suggestions for improvement are welcome 

from teachers, subject experts and students. 


H.Y. MriliAN Ram 
€ hiur mm 
Biology Textbooks 
Development Committee 
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GANDHIJI'S TALISMAN 


“I will give you a tahsmun.WheneuT 
you are in doubt or when the sell' 
becomes too much with you. apply 
the following test: 

Recall the face of the poorest ami 
the weakest man whom you may 
have seen and ask yourself if* the 
step you contemplate is going to be 
of any use to him. Will he gain 
anything by it ? Will it restore him 
to a control over his own life and 
destiny ? In other words.will it lead 
to Swaraj for the hungry and 
spiritually starving millions ? 

Then you will find your doubts and 
your self melting away." 

I^'^Aqa Sh 
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Teachers and Students! 


You will find a large number of boxes in the text, each bounded 
on four sides by thick black lines (sec for example j .ijv w o I he 
matter presented in the boxes is not meant for classroom tc.itlong 
or for setting questions by the teachers for the Hoard exnrmna- 
tion. The purpose of providing additional information m the 
boxes is to arouse curiosity among students 





UNIT FIVE 


Multicellularity in Plants 

Angiosperms 


ANGIOSPERMS are the most highly evolved among plants. They show a wide diver¬ 
sity of size and form, from the dot-like duckweeds to the gigantic eucalypti. In 
contrast to the compact body of animals, plants generally have an enormous sur¬ 
face. This enables them to glean inorganic substances from the atmosphere and 
soil in extremely dilute concentrations and synthesise complex molecules with the 
help of the energy derived from the sun. Even large trees are built on a fairly sim¬ 
ple modular pattern. They continually produce new tissues and organs by means 
of actively dividing cells in the meristems. Plants lack central control and supply 
systems (nervous system, circulatory system, lymphatic system, skeletal system 
etc.). Yet, they present a high degree of organisation and demonstrate a harmony 
of structure and function. A well-coordinated division of labour exists in the tis¬ 
sues of the root to absorb and conduct water and minerals and in the shoot to 
synthesise, translocate, store and mobilise complex organic substances. 

Plants are anchored in the soil and cannot move away from stresses. They face 
stresses entirely through physiological adaptations and growth responses. 

Flower is a condensed shoot modified to effect sexual reproduction. Presence 
of ovary and dou ble fertilisation are unique to angiosperms. Seeds and fruits serve 
as packets of dispersal. Seeds contain embryos in a state of suspended animation 
and are often stocked with plentiful reserve food. They can tide over unfavourable 
conditions and germinate when the environment is conducive. Besides sexual 
reproduction, plants exhibit vegetative propagation. These reproductive strate¬ 
gies have been responsible for the success of angiosperms as land plants. It is pos¬ 
sible to clone useful plants through conventional and tissue culture methods, as 
well as to join plants by various types of grafting. 

Most annual and biennial plants culminate their life cycle after flowering and 
fruiting. In perennials, seasonal production of fruits does not result in death. They 
continue to live for many years. 

Plant growth and development involve a complex series of morphological, ana¬ 
tomical and biochemical events. How these events are controlled is a mystery. 
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Nevertheless, it is recognised that internal and environmental factors influence 
development. It is not fully known what factors trigger flowering in plants How¬ 
ever, daily duration of light/darkness and temperature are known to induce Row- 
ering in some dasses of plants. Certain plant growth regulators have been identi¬ 
fied which cause spedfic effects. How exactly these function is not known.I hus, 
the study of the life of flowering plants is full of challenges and opportunities.* 



CHAPTER 26 


MORPHOLOGY AND ANATOMY OF 
FLOWERING PLANTS 



MORPHOLOGY 

Thousands of angiosperms exhibiting a 
wide spectrum of forms and occupying 
numerous habitats occur on the earth. 
Just as a person is recognised by his exter- = 
nal features such as height, complexion, J 
shape of the nose, eye colour, and texture g 
of the hair, so are plants identified by their w 
morphology. It is virtually impossible to 
know all the flowering plants even for a 
professional taxonomist. However, a stu¬ 
dent of biology must understand the basic 
architecture of plants to be able to 
recognise, describe and classify them. 
Flowering plants consist of an axis with an 
underground ro ot system and an aerial 
shoot sys tgifl (Fljr^ 6.1 )TThe shoot_has a | 
stemanda^stemofbranchesandjegyes. * 
TEe root and the shoot constitute: the veg* a 
etative part of the plant body. The flower, 
the fruit a nd.Al lseed co mprise the repro ¬ 
ductive structures . One of the fascinating 
aspects of biology is to understand the 
meaning of diversity of form and its prob¬ 
able relation to functions. More impor- 

tflntlv a X!a1aiw*>* !» 
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in the evolutionary and adaptive signifi’ 
cance of plant form. 

Root 

The embryo enclosed within the seed con- 
sista of two parts—|he radicle which gives 
rise to the root andlhe plumule which is 
thejMgenttor of the shootj In nearly ail 
dicotyledonous plants the primary root 
is a direct prolongation of the radicle. It 



Fig. 26J Tap root system 




Fig. 26.4 Nspifora root si lump 

remains distinct and bears lateral roots of 
several orders throughout the life of the 
plant. The primary root along with its 
branches is termed the tap *ux>t system 
(Fig. 26.2). AFIBROU5 ROOT SYSTEM may 
arise due to repeated branching of the rad* 
icle (Fig. 26,3). When roots arise in any 
place other than the root system, such as 
on stems, they are called adventitious 
roots (Fig. 26,12). Typical examples of 
Ijtants bearing adventitious roots are 


Fla 26 J Fibrous root system 
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are to anchor the plant to the soil and to 
absorb water and nutrients. Since these 
two funcrtipjQS. 

or submerged- aquatics, the root system 
may be poorly developed or totally 
absent in them (c.g, My.tiophyttum, 
CeratoohyU um, Utrkulari a). Roots may be 
modified to perform functions other than 
those mentioned above, such as storage, 
assimilation and additional support. 

Modifications of Tap Roots 

In some plants, tap roots are modified for 
storing reserve materials. These roots are 
usually swollen and assume various 
forms. A swollen root tapering at both 
ends is "termed FUSIFORM, (e.g. radish). 
When the root is globular and tapers 



Fig. 26.6 Fasciculated roots of Dahlia 



Fig, 2*5 Tuberous root of sweet potato 


abruptly as in turnip and beet root, it is 
termed NAPIFORM ( Fig. 26.4). The shape 
of the^rowbpt is Conica^ whereas the 
root of Mtrabilis (4* O clock plant) with no 
definite shape is termed tuberous. 

Kinds of Adoentitious Roots 

The sweet ^potato has tuberous storage 
rootsof various shapes that occur singly 
(Mg. 26.5). When storage roots occur.in-/ 
clusters as in Asparagus and Dahlia (Fig. 
26.6) they are .called fasciculated. 
Adventitious roots are called beaded 
when they have swollen regiounn&e-" 
quent intervals as in Portulac&Zj& .nd 

Mom ordka chara ntia _(bitter gourd). ' 

Roots that provide additional support to 
plants are broadly of two types. PROP 
ROOTS are massive, pillar-like st ructure s 
i^as those in T hey start as 

• s Wy outgrowihs trom' aerial branches but 
extend downward, becoming large and 
woody. On reaching the soil they develop 
into columns and allow the tree canopy to 
extend over a large area (Fig. 26.7), 
Clusters of roots which grow downward j 





\\ 
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n*. 26.7 Prop roots oT t bsnyta tree (The mat buiyto tree of <Ptu*c H Y Motu* fu®) 

from the base of plants such a ^naize, sug-. between the node* is culled the into. 
^ FCat lt ^ p 4 r^^WPipe i ^yatt 3 cJu«j [ are mode (Fig. 26 . 1 ). The growingapex ofihs 
tcrm^sTELT ROQ Ts. Ip some plamayucfa stem is covered by mimeraut, liny, devel. 
^^^ ^rfl -.apd^^ Vopq, adventitious oping leaves and i* called the apical »uix 
—.j c^QP __ ~ I^ 1 grgTghyli and Bud* also arise ia the axels of leaves. 

called Asm* They are termed axillary w LATERAL 

nutritioa They **„.,«,«*** 




oa the bsrix of the height and strength si 
the stem and their lifespan, herbs «jt 
small plants with a soft **.}&&& 



tad _ ___ 

mensn^ih*-^^j* vi !$ ’ ******* u£<y®§r 

feithw « ra ji. 3 * cm 13 . wea ^ anc ^ rt within one season am tensed akhuajj 
either trails on the ground or twines (rice, groundnut, sunflowerl runniwlI 

SSStt! f ompl T m<fdc “ »£«*»« 









morphology and anatomy of flowering PLANTS 


There are several large banyan trees ( botanically calle d Ficus bengaknsis ) in 
India. I he largest, popularly known as the great banyan tree, isTocated in the 
todianjiatamc Garden in Howrah. It is an object of wonder and admiration. 
It is more than 200 years old and its main trunk which was attacked by a fun¬ 
gus was removed in 1925. The girth of the main trunk was 32.49 m. The tree 
originally grew on a wild date palm before the establishment of the Garden. 
A large number of aerial roots are produced from its branches. The total 
number of such roots which have already reached the ground is about 1600. 
The circumference of its crown is over 404 m. Maximum height attained by 
one of its branches is 29 is. The tree is a star attraction to the visitors. There 
was such a rush by people to wander among its props that their treading had 
caused compaction of the soil, leading to water logging and suffocation. 
Apprehending that the tree may be damaged, the Garden authorities have 
got the soil raked and have put a barricade around the tree to protect it. Two 
other massive banyan trees are found in India. One is at Adayar in Madras 
and the other at Kctnhalli, a village near Bangalore. Try to make a list of the 
laigest, tallest and the most unusual trees in our country. 
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flowers and fruits during specific seasons 
are termed PERENNIALS (mango, lemon, 
apple, neem, coconut, date and bougain¬ 
villea). 

Diverse Farm af Stem 

Besides bearing branches, leaves and 
flowers, stems perform other functions 
such as PERJNNATION and vegetative 
propagation. Their forms become greatly 
changed to suit these additional functions. 

Underg round Stems: Stems of some plants 
remain i n th e ground and serve the func¬ 
tion of perennation and storage of food. 
They produce aerial shoots annually. 
They resemble roots superficially but are 
distinguishable by the presenc e of scalffi 
l eaves and buds at nodes. tmcTTstems also 
act as a means of vegetative propagation. 
Various names are given to modified 
stems on the basis of their form. 

rhizomes occur in plants such as gin* 
gerTFigT26 .8) and banana. They are pros* 
Sate and thickened stems that grow hori¬ 
zontally under the soil. Nodes are marked 
as dry scars. They bear scale leaves, with 
buds on branches in their axils. Rhizomes 
produce adventitious iQQttJbcL profusio n. 

A BULBi s characterise d by the presen ie 
of a~fiighly. .cQadensed and discpidal stem 
a nd a large number of fleshy scale leaves 
(Fig. 26.9). The terminal bud in the centre 
of the bulb gives rise to the aerial shoot, 
that subsequently bears flowers. A cluster 
of adventitious roots is noticed at the base 
of the bulb. Onion is a f amiliar example of 
abulb . In garlic several bulble'ts (small 
bulbs or cloves) may be seen within a large 
bulb. These arisfaffr^ wlhTlmrtrnriri 
at e_ capable of .develoDina .. i m o—n nw 
plants, 

is the swollen b ase of an under* 
ground stem axis, enclosed by dry, scale- 


hke leaves (Fig 26 10) (tom is found ina 
number of plants such as (tfodmlrn, 
AmnrphHphnUu*. fblnraswa nd Altrwun. It 
differs from a bulb in having a greater 
amount of stem lissuewith distinct nodes 
and mtcmodes 

ATItill«(log. 2b 11) is a modified stem 
which dev drips underground by the swell* 
mg of the tip of a stem (stolon), It stores* 
large amount of reserve materials primar¬ 
ily starch, potato is 3 typical example of* 
stem tuber. The ' e ye s’ that you see on its 
surface represent nodes, each consisting 
of one or more buds subtended by a leaT 
scar (which resembles an ese brow) Ihe 
parent plant which bears numerous tuhert 
dies at the end of the grow sngseason New 
plants arise from the tubers 

Sub mnrU Stems In certain plants a few 
branches arc weak, lie prostrate on the 
ground or may become buried in the top 
soil. Aerial branches and adventitious 
roots develop at the nodes independent 
plants may be obtained by detaching an 
entire branch or a node. Such plants ait 
commonly known as r HlD'i RS f’rccpen 
arc of different types. A creeping stem 
.with long internodcs, running horizon¬ 
tally on the surface of the soil is called! 
runner (Fig. 26.12). Roots are given out 
at no(Jes, Axillary buds form new aerial 
shoots. Many grasses, (txnlxx and mint 
propagate by runners, AltTKFR is like* 
run ner but originates from the basal se$t 
underground portion of the mam stem, it 
is shorter and stouter than a runner, it 
grows horizontally for a distance beneath 
the soil and then emerges obliquely, bear* 
ing a leafy shoot as in Chrysanthemum, 

_A stolon is a slender lateral branch 
that arises from the base of the main axis. 
After growjg aerially for sometime the 
branch arches downwards to touch the 
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Fig. 26,8 Rhwnme of ginger 



Flf. 26.9 Vertical section of onion bulb 


ground, where its terminal bud gives rise 
to a new shoot and roots. Jasmine 
( Jasminum) is a common example of a 
stolon-be aring plant 

i 

Special Modifications of Stem 

Some stems perform unusual functions. 
^Stcm tendrils develop from axillary buds. 
They are slender and spirally coiled 
(spring-like) structures and help plants 
such as gourds (cucumber, pumpkin, 



Fig. 26.10 Corm of Colocnsta 



Fig, 26.11 Tuber of potato 

water melon, and other cucurbits), grape 
v ine (Vtiis) (Fia. 26.13) and pa ssion 
floweF 7Posaty kinti-tri climb. 

*^Fen axillary buds develop »into 
woody, straight and pointed structures 
they arc calle d thorns. Sometimes a 
thorn bears leaves also Xhorns are found 
in many plants such &$ Citrus iidBouT^ 
R ainvillea(F fcY6M\thw protect plants"" 
Ir omlir o wsing a ni mals. 

^Tn «W!tleuphorbias and a few other 
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Fig. 26.12 A runner. Note the presence of s shoot end Adsrnimou* n«r.u at r*rh r<»V 
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plants of the arid regions, stems are fleshy, 
cylindrical ('CasuadaaJ or flattened 


(Qp untia) . They contain chlorophyll and, 
ca rry out photo synthesis. They are called* 
1 jm7u75c:LApis,[and they have several 
nodes and interiiQSes. Their true leaves 
are reduced to spines or scalcs ^A clad - 
ODE is a p hyllodadc wit h one or two inter- 
nodes onlyjt rese mbles a lea f. A cladode 
ariscsjjj^ mdiiged'scale. 

leaf ffopomzus, Ruscut aculeahitiKFie. 
26. 15 ) *“- 



t* w 

St 


Leaf 

A leaf is a lateral, flattened structure bor ne 
at a'node . It usually has a bud in its axil. 
Owing to the presence of chlorophyll, the 
leaf constitutes the main jjhotosynthetic 
organ pfthe plants. L eaves initiate from 
t he SHOOT ME imwcasIf RiMORDiA and 
gradually enlarge as t hey grow o lder. 

Apical c o nsists oi uirc e parts, namely (i) 
l amin a (ii)_getiole, and (iiiyieaf base (Fig. 
26.16). In many monocotyledons Ihe leaf 
base expands into a sheath that partially 
ojrwholly encircles the stem (Fig. 26.17), 
lifseveraJ dicotyledonous plants the leaf 
^5ase Sears two lateral appendages called 
stipules. Stipules vary in form and size, 
^[ia plants such as Acacia and ber. 
K 'J Zizyphut), die stipules are spiny. In man y 
members of the bean family the base of 
the leafis swollen and is termed PULVINVS 
(Fig. 26.1ijf Apu lvinus is responsible for 
sleep movements./ 

The expanded and generally prominent 
portion of the leaf is tilled the lamina. It 
is traversed by a number of veins and 
veinlets. The prominent vein in the mid¬ 
dle is known as the midrib. Veins form the 
- skeleton of tfiefiunina (Fig.TQ9)and act 
u qhannjds .for the transport of food, 
water and.iaioflals. 

The shape of the lamina varies from 


Fig. 16.15 Cladodcs of Rutcui aculeaiut bearing 
flowera (Photo Dr. B. Harigopal) 


plant to plant. The various shapes of lam¬ 
ina are shown in Fig. 26.20. The margin of 
the leaf may be even and smooth (termed 
entire) as in banyan, grasses and banana 


( 


Ffg.2i.li A iboot of Ficut tkuttica *howing red, 
u n i ted nipnica enctapng the leaf imide 
{Photo: H.Y. Mohan Ram) 






n«. 26.17 Leaf sheaths of Dracaena {Photo: 
Dr. M.N.B. Naii-) 



FI*. 26.18 A branch of a leguminous plant showing 
pulvinus at the base of each compound 
leaf 

or WAVY as inPolv althia or notched like a 
Mw fSERRATE) OLlobed-(Fig. 26.21), The 
tip of the leaf (apex) has various shapes. A 
few common types are shown in Fig. 
26.22. 



‘ Fig. 26.19 A leaf of pcepal showing a skeleton of 
vein* [Photo: Dr. B. Harigopal) 

The arrangement of veins in the lamina is 
teraed venation. It is of two types: (i) 
reticulate and (ii) parallel. In the first type, 
veins are irregularly distributed to form a 
network (Fig. 26,23). it is a characteristic 
feature of the dic otyledons such as pcep al 
and Hibisc us In the secondTOnTTems, 
running'parallel to one another, do not 
form a network. Parallel venation is a 
characteristic feature of t he monocot yle- 
dons such as lilies, banana faamboop. 
other- brasses and cereals (Fig. 26.23). 
There are a Rw exceptions to these two 
types of venation. Look for these in a 
garden. 

Simple and Compound Leauie 

A leaf is said to be simple when its lamina 
is entire or is incised but the incisions do 



Fig. 26J0 Various lamina shapes 



A B C 0 £ f 

Fl|. JWl A few common types of leaf margin 

A. Entire; B. Undulate; C. Dentate; D. Serrate; b. Crenate; F. Putnately lobed 
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Fig. 3642 Patterns ofleaf Up 

A. Acuminate; B. Acute; C. Obtuse; 
D. Truncate; E. Retuse; F. Cuspidate; 
O. Mucronate 




Fig. 26.24 Simple leave* with different degrees of 
incision or the lamina 
(Photo. Dr. M N.B.Nair) 

not touch the midrib (Fig. 26.24). When 
the incision of the lamina goes down to 
tKeTinidrib, the leaf becomes compound 
because it has t number of leaf segments. 
These leaf segments are known as ueaf* 
ilTS, XleaHetls like & simple leaf but it 
lacks a bud in its axil. Compound leaves 
may be of two types: (a) pinnate, and (b) 
palmate. A compound leaf is said to be 
jjinnate when the ieaQets are lateral to the 
midri b' (RACHIS) (Fig. 26.25). In palmately 
compound leaves, the petiole bears a 
number of leaflets which resemble the fin¬ 
gers in our palm (Fig. 26.26). Depending 
upon the number of leaflets the leaves are 
called trifoliate (methi, fenugreek or Trig¬ 
onal! a, clover or Trifotium), quadrifoliate 
(Mttnika^ and multifoliate (silk cotton or 
Brnbes). " >S N V . 

Phyllattuy 


Fig. 260 ) the two main types of venation. Led, The wa y in which leaves we arranged on a 
parallel; right, reticulate veuUou sfeBff HYLLOTAXY) is an importantdiag- 
(Photo; Dr, M.N.B.Niir) nostTcfiature. When a single leaf arises at 
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Ft|. 263.5 Pmmtely compound leaves 

A - y*PPi ri “ ,c condition in neem B, Bipmnatecondition iiHr'aMolpinuj, 1 c Tnpinnatc itmduwn 
Jn Moringq ffWoto: Dr. M.N.B. Nair) ' - - ~~. 


a node, the phyllotaxy is said to be alter- 
nate. Such leaves may arise in the same 
plane (Hr. 26.27A) or in a spiral fashion 
on the stem (Fig. 26.27B). The opposite 
arrangement is the one in which a pair of 
leaves are borne at a node opposite to each 
other (Fig. 26.27C). When three or more 
leaves occur at a node the pattern is 
ter med whorled (Fig. 26.27D). . A lter- 
nate leaves are found in mango and'hTibis- ’ 
vus; opposllcleaves are foun d in mint an d 
^ (^cdot rQuisMni whorled leaves occur in 
oleander (Nerium), **" 

Leaves with Different Functions 

Uaves are often modified to perform 
SsJipnL. other than photosynthesis, 
xfey^are converted into tendrils for 
climbi ng as in pea, or into SPINES for 



Ptlm*tclycompotm4katfofB«ni<a 
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Klg. 26.27 Arrangement ofleavcs on the stem. A Alternate m iwo rows; B Spiral; C, Opposite; 

D. Whorled (Phiitn: H Y. Mohan Ram) 

defence as in cacti (Fig. 26.28). The fleshy Importance of Studying U'nf Mnrphnbuy 
leaves of onion store sugars. Ihe pitcher The purpose of giving a short account of 
in the pitcher plants (Nepenthes, t h e variety of vegetative plant organs, 
Sarracenma.-S ts,.) isjjdsp_ajnodified leaf, their shapes, arrangement and modifica- 
fn plants such as the Australian acacia pons is not to burden you with technical 
(Acacia auriculiformis) (see Fig. 26.29) the terms and examples. They are important 
leaves are tiny and ephemeral. The petiole for documenting accurate descriptions for 
expands, becomes green and takes over identification and classification of plants, 
the function of photosynthesis. Plant physiologists have now recognised 



Fig. 2ft.2H < aituv showing m<ii)ilKali‘>n *il leases in!o spines ?f‘h n!" !l V Mi•!).»>> jl.in.i 


that the statu roof the plant, the rate of leaf 
production, mtcrnodal length thickness, 
shape and area ol leaves ami their orienta¬ 
tion to light, and periods up to which 
leaves are retained are important factors 
in determining crop productivity. In some 
perennial plants such as eucalyptus, 
leaves change shape during transition 
from the juvenile (non-flowering) to the 
mature (capable of flowering) stage It is 
possible to tell the physiological maturity 
of a cotton plant by the shape of the foh- 
age.^Presencejjf leaves of more than one 
shape , observ ed quite commonly in 
■ . amphib ious plants, is termed HETi-Kfi- 
H fPHYLLY (e.g. Limnophila, see Chapter 2). 
This feature may have adaptive signifi¬ 
cance. Horticulturists have selected, 
developed and propagated leaves of vari¬ 
ous shapes, sizes and colours, including 
variegated types, Foliage plants are an 
important item of horticultural industry. 

ANATOMY 

In Chapter 4 you have learnt about the cell 
as a unit of life and the various roles cells 



F'lg. lft.29 l'cIn>lc m(nfiftrt) ml*. ftaumrd Cunma- 
JiVf vlmi loirs nuriiulijwfMm) 

tl'hw. I>r M N II.N4H) 

play in multicellular organisms. The first 
autotrophic cells were unicellular and 
arose in water. The unicellular organisms 
had access to the external medium. Even 


V ", 
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the first multicellular forms were simple 
and communication between the constitu¬ 
ent cells was not too difficult. However, 
when the plants invaded land, they were 
subjected to stresses of solar radiation, 
variation in temperature, wind and desic¬ 
cation. The peripheral cells of the plant 
body were in direct contact with the out¬ 
side, in contrast to those situated deep 
within. One important evolutionary 
development was intercellular communi¬ 
cation through plasmodesmata. 

You have learnt that plants are the larg¬ 
est living organisms. Most higher plants, 
with the exception of those with an 
aquatic habit, are immobile. Their roots 
are firmly anchored in the soil. They have 
an enormous surface which is essential to 
glean substances from the environment in 
extremely dilute concentrations. It is 
really a wonder how such large organisms 
can live for hundreds of years with a rela¬ 
tively simple internal structure. More¬ 
over, plants cannot escape stresses like 
animal-invasion by moving away. They 
have to adjust themselves entirely by 
physiological means. This requires a high 
degree of coordination between structure 
and function. ' 

Multicellular organisms consist of 
organ systems, resulting from cell divi¬ 
sion, cell enlargement and cell differentia¬ 
tion. Early in their formative stage cells 
look alike but are gradually organised into 
tissues; tissues to organs and organs turn 
into an organism, 

Qnejjnponan.t. feature of multicellular 
o rganisms is di vision of labour, which 
means sharing of func tions. A group of 
cells having a similar "structure and func¬ 
tion is calle d a tissue . Plant tissues are 
composed of three basic s ystems: Jij 
dermal — such as epidermis , which is p ro¬ 
tective in its Sanctio n: (ii ) vascular — 


t 

RIOLOCV * 

f 

i 

\ 

I 

x ylem and phloem, which ait S 

conducting tiss ues; fiii>_ground, jgl 

fundamental—all tissues excluding der-1 
mai and vascular tissues (parenchyma, i 
collenchyma, selcrenehyma) Each tissue i 
contributes to the functioning of an organ, j 
The leaf has an epidermis for protection \ 
and exchange of gases, mesophyll for car. I 
rying out photosynthesis and vascular tis- i 
sue for conducting food, water and miher- ^ 
als. All these functions are coordinated to f 
make the leaf an efficient organ for the £ 
synthesis of food. Each organism depends 1 
on the coordinated activities of its I 
organs. j 

You will now learn about the nature i 
and types of tissues and the patterns of 1 
their arrangement m vegetative organs. 

Types of Plant Tissues 

Unlike animals, plants continually pro¬ 
duce new tissues and organs till they die. 
This is accomplished by the presence of 
sites where active cell divisions occur . Tis- 
sues which are perpetually young and 
en3”bwcd with the capacity for cell clivi- 
sIon arecalledi.MERiSTEAft'. Based on their 
location and function, two kinds of 
meristems are recognised—apical and lat¬ 
eral. Apical meristems are found at the 
tips of shoots and roots. Cells formed in 
t he apic al meristems diffefentiate'Tnto 
prirnaryjissues and cause increase in the 
l engt h of the plant body. Buds in the axils 
of leaves also have apical meristems. 

The lateral meristems (meristems 
a rrang ed" parallel to ‘the sides of the 
organslinclude cambium and tx>RK cam- 
biumIFhell ooen). They bring about an 
increase in the width or girth of the organ. 
A thiritKind of meristem, called INTERCA- 
JARy-ME&isTEM,.oa;urs jat.the_bases of 
intem ode s and leaf sheaths of the mono- 
cotyledonou s plan ts, particularly grasses. 
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In these plants vascular cambium is 
absent. 

Permanent tissues consist of cells 
which do not normally divide but arc dif¬ 
ferentiated to carry out various functions. 
A brief account of the structure and the 
main functions of permanent iissi;i s is 
given here. 

Epidermis 

This tissue is generally one-cell thick and 
forms the"surface-covering of the primary 
planTKody. You will (ind leaves, (lowers, 
youngltems and roots covered by an epi¬ 
dermis. In the aerial parts of the plant, the 
outer wal ls of the epideimis have a waxy 
covering called the cu tide, which protects 
the plant from water loss, mechanical 
injury andjnvasion by pathogens Ihe 
epidermis of aerial parts of some plants 
bears one-to many-celled hairs or glands 
(Figs.26.30&?.6.31). Some hairs are 
secretory in function. Ihe epidermis of 
the aerial parts of the plant is at the inter¬ 
face of the plant and the atmosphere. T he 
epidermis ol' leaves and green stems have 
alarge number of openings called sm 
Mata., You will study details about sto¬ 
mata later. \ '* 

Otf&h- 

Pare nchyma^ Of. l 

The cells o f parenchyma are generally 
tnlmwalkd jjtylem parenchyma is thick- 
walled), 12-14 sided and variously 
s Jiaped.They retain the ability to divide at 
maturity (Fig. 26.32). Storage is the main 
fun ctio n of parenchyma' 

Specialised parenchyma cells as those 
seen in the periphery of a stem or 
in leaves, contain chloroplasts 
(CHLQ&ENClf YMa) and carry out photo¬ 
synthesis, .aerVnchyma is a specialised 
-fiarenchyrna tissue occurring in aquatic 
p tANTS, with a'regiilar system of intcrcel- 
lular air spaces. 



Ft*. 26.31 A muluwUed epidcrimt gland 
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COTTON -HIT: M1K.V 1E HAIR 

Cotton, the most important textile fibre used the work! over, consists of 
unicellular epidermal hairs of seeds of a few species of fAm upturn. I he 
number of lint hairs borne by a single seed may exceed 1 fUHX). U is one of 
the few eucarvotic cells that can be seen by the naked eye It is estimated 
that one kilogram of cotton contains over 2(H) million hairs. 


Co tltmchvrna 

fhe cells ofcollenchyma appear polygonal 
in cross section 1 hey have unevenly 
thickened walls which are prominent at 
the corners (log. 26.33), The principal role 
of collenchyma is to gP7e~strength and 
flexibility to growing organs like young 
sterns, 

Scler enchyma Jw'* 1 ' ^ ( ,7 ^ ^ ^ 

This tissu e i s com posed of dead cells wit h 
thick, lig mli cd walls. Sclerenchyma lends 
mecha nica l support to the organs and 
hefps them to withstand various physical 
stre sses. Sclerench yma h as two types of 
cells the M iiRcs and the sn.rRtiiDs wh ich 
dTHef Tn~size~and shape . riBRPS are eloin- 
gafed aridTTexIbTe, with tapered ends (Fig. 
26.34). Some sclereids are called stone 
cells. They are irregular in shape with 
highly thickened walls and a narrow 
lumen (Fig. 26.35). Sclereids are com¬ 
monly found in the shells of nuts, and in 
the pulp of guava , pear and sapota Fruits 
(the gnttiness ofthe pulp in these fruits is 
due to the presence of stone cells), . 

y u (c 2> vur 10e * 
Vascular Tissue ' » 

This is a conducting-tissue, composed of 
xylem and phloem. JCylem i s mainly, con- 
cerned with.,thfi-transport of .water and 
minerals. Food and other organic sub¬ 
stances are translocated in the phloem. 
X ylem is also called wood and forms the 
bulk of the roots and stems of vaspular 


ivm uiaivsitts 



FiK. 2ft.31 I'areikhuti.t vdN with itikfccHulii 
'•pate. 

Call wail ift'efceiiirtQs 



Fig. 26.33 Collenchyma cells with prominent 
thickenings at the comers 
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Fig. 26.34 An isolated fibre 


Simple pits 


jfArffCA^V 





Fig. 26.35 A sclereid 


plants. It also provides support and 
Ttorage. " 

As a conducting tissue, xylem forms a 
continuous channel through the roots, 
stems, leaves, flowers and fruits. The con¬ 
ducting cells of xylem are' called 
, JR AC HE ARY ELEMENTS. Two types ' of 
trachcary elements are recognised— 
TRAC HFID.S and_VF$SEL MEMBERS (Fig. 
26.36). T' racheids are predominant i n 
lo wer vascular plants, whereas vessels 
(formed by the dissolution of end walls of 
developing vessel members) oc cur in 
angios perms. 

The vessel members have perforations 
in their end-walls. The end walls of trache- 
tds lack them (Fig. 26.36A). If an en d wall 
_has several openings, it is termed a MWLTI- 
"PJLJE PERFORATION PUTE (Fig. 26.36B), If 
it has one opening, it is known asjMMPLE 
PERFORATION PUTE (Fig. 26.36C). Both 
traeheids and vessels have thick lignified 
walls with unthickened areas called pits. 
Two adjoining vessels or traeheids ex¬ 
change water through their pits. 4Ltttajur-^o( 
it y hoth vessels and traeheids are dead . >/ 

In addition to conducting elements, 
xylem contains fibres and parenchyma 
cells. Fi bres are generally deaif artd their 
.primary function k tn prrwirip. syppnrt 
The parenchyma cells are living and ar e 
jnflinly ^ Jnvolved in the short-distance 
transport of s ubstances and storage of sug¬ 
ars, starch andTTpTds" * 

Olloem consisTs of conducting cells 
_callcd sieve elements which are of two 
jypes: (i)jsiEVE : cells (Fig. 26.37A,B) are 
"m ost commonly present in the lower vas- 
culaL-planis; (ii)JSIEVE jryjML 'MEMBERS 
(Fig.26.37C,D) are found in angiosper ms. 

In sieve cells, the openings at certain areas 
of the cell wall (sieve areas) occur through¬ 
out the end walls and lateral walls. How¬ 
ever, in sieve tube members large open- 
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ings (sieve pores) occur mainly on t he end 
waits (sieve plate). A mature sieve el e¬ 
me nt is living but it lacRsTmi cleus^ 
“Sieve tube members are usually associ¬ 
ated with specialised parenchyma cells 
called compan ion CELLS. These cells help 
the sieve tube members in the transloca¬ 
tion of food material. Besides sieve ele¬ 
ments and companion cells, the phloem 
tissue contains parenchyma and phlo em 
fibres. Phloem parenchyma cells mainly 
s tore food Matena TwHiiIe~phloem fibres 
provide mechanical support. Phloe m 
fibres ofBIants such as j ute, flax and hemp 
a re retted in wat e r and ext racted. They are 
used for making threads, ropes and coarse 
textiles. 

Stem jp * ? duX * ir * f 

The stem which is the axis of the shoot sys¬ 
tem, is generally cylindrical or 
quadrangular. 

The apical bud^of thestem.eocloses the 
shoot apex . It contributes to the extension 
growth of the stem and the formation of 
leaves. At the time of flowering, the shoot 
apex produces floral structures. The hijb 
tology of the shoot apex varies considera¬ 
bly Tft ah gldspe rms7 gymnosperms and 
lowefjplant s. 

In flowering plants it consists of one or 
more outer layers called the tunica and a 
ce nttaTmass'brcell s"catledThecoRPus 
(Fig.26.38). The central region below th* 
corpus becomes Ihe pit h jmd the flanks 
produce procambiu m, cortical cells 
a nd leafp umqkdia (Fig.26.38).' Thus 
the shoot apex gives rise to the primary 
tissues of the shoot. 

The procambium initiates close to the 
apical meristem. It consists of narrow, 
elongated, densely cytoplasmic cells 
arranged parallel to the longitudinal axis 
of |h.e stem. It is from the procambium 


h" 



Bordered pits 

A B C 


Pig. J6.36 Tracheid (left) and vessel members 

A I rachcui, II. Vessel member wtlh 
multiple perforaium plaic, C. Vessel 
member with simple pcrluramm plate 

that the primary phloem and xylem are 
differentiated. In plants showing secon¬ 
dary growth, some procambial cells 
remain meristematic and give rise to the 
vascular cambium. 

The fundamental tissues that can be 
recognised in the stem after primary 
growth are : e pidermis, c ortex, endoder- 
mis, vasc ular tissue and pTtTTfPig. 26.39 B). 
The extentanSTarrangemerit of these tis¬ 
sues is varied, based on the nature of the 
plants and also in the different parts of the 
same plant. 

The epidermis is usually single-layered. 
It generally has stomata and trichomes. 
Internal to the epidermis is the cortex. It 
consists of parenchyma cells and a large 
proportion of collenchyma cells. The cor¬ 
tex functions as a protective tissue in the 
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primary' plant body, besides providing A mu senate layer termed rvnniHRMis 
support and storing reserve materials, In a separates the vascular tissue Irom the 
young stem the cortical cells contain coitex 

chloroplasts and carry out photosynthesis. I he primary vascular tissue develops 



Fig. 26.38 A longitudinal section of shoot apex showing apical menstem, young leaf prtmordia and an 
axillary bud 
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from the PROCAMimiM. I'hc vascular tis¬ 
sue is dispersed as bundles or strands con- I 
sisting of phloem and xylem. Hach strand / 
is called a vamdiaR bundif. In the 
dicotyledons the vascular bundles have a 
meristematic tissue called c ambium 
beTweim^^ (Hg"26. VM) \ 

In the “ mnnocotylednns_ j:ambium_js 
a bsent andjhe vasculai bundles are scat¬ 
tered randomly-ur may be a rranged iq 1 wn 
or mo.rejungs (Fig. 26 40) in the dicotyle¬ 
dons vascular bundles are arranged in a j. i(| 
nng. A vascular bundle which contains 
cambium is called an optn minim l 
(F ig.26.3913). A ^hundle lack ing cambium 
is called a t L ORD MINIM T (Fig.2fi.40B).- 
The vascular bundle is termed < oi l a l<yr r> 
i:ral when it has a xylcm and a phloem.f f 
pole Tit is Hit (i l'IXl nr<L wfTcn there are! J 
t wo phloem potent ea ch - end or the < 
xylem.' wTth only one central cambium 
layer)A,ln_a stem the first formed xylem 
mrotoxylem) is located lovvaid the pith 
and later formed xylem (metaxjjlem) 
toward the outersidf I his arrangement of 
xylem is termed PNiuRf 11 (Fig.2fi.39B). 

The centre o f the stem consists of 
parenchyma cells an d is called the Pin?. 

TRe structurcof the nodes "affTers from 
that of the internodes because the former 
bear leaves. The vascular tissues at the 
nodes are branched and show divergent 
arrangement to form a continuous strand 
from the stem to the leaves. 

Sexondary Thickmin$ You have learnt 
that increase in plant height is achieved by 
cell divisions and cell olfingaiioo in the 
terminal part of the shootTl'here is a cor¬ 
responding enhancement in the thickness 
of the stem to meet the demands of the 
increasing height and weight of the stem Fig. 
and its branches. This is accomplished by 
i ncre ase jnthe amount of vascular tissue 


rtS! O’ 6n5» 


vrn<rxn*’ H'Vi 


Fin. 76 t’JA ( rn%«. vL'Llitin nl j stri’j it. a 

(hrot’.lciloii Si ilc I lie atMinjeniLi’l u( 
•'pelt tj-uihu tttunllcs m a mi*; 
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Git ,'iy/H.x 
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FS*. 26.39B An enlarged view of a portion of 
Pig.26.39A to show histological 
details 
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Fig. 26.40A Cross-section of a monocot) ledonous 
stem. Note the scattered vascular 
bundles. 

by secondary growth. Secondary vascular 
ussu es'are 'producetf by the vascular cam • 

Syifflv This is characteristic of dicotyle - 
ffinsand gymnosperms. In some exctTp- 
tionalrnonocotyledons7 increase "in" the 
thickness of stem occurs by a special form 
of secondary growth. VjQ 

You would recall that the vascular bun¬ 
dles in dicotyledons have cambium 
between xylem and phloem. This cam¬ 
bium is known as FASCICULAR CAMBIUM 
(Fig.26.41A). It is interconnected by the 
formation of meristem from the paren¬ 
chyma cells between the vascular bundles. 

This meristem is called interfascicular 
cambium . Thus the fascicular and 
Interfascicular cambium join together to 
form a complete cylinder around the axis 
(Fig. 26.4 IB). T he cells produced bv th e 
divisions of fascicular and interfascicular 
c ambiums differentiate—into - phloem n t 
to ward the outside of the ax is and xylem /&*** 
t oward tbs_inside (Fig. 26.41C,DT 

Fig.26.42). In species where secondary Fig. 26.40B An enlarged view of a portion of 
growth occurs in the stem and the root, Fig.26.40A io show histological 

the secondary protective tissue—‘the details 
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periderm—replaces the epidermis. The 
periderm consists of PHELLOGEN (cork. 
cSnTBTurri) which produces PHO l.FM 
(cork) to war (Tt he outside and PHFLi.o- 
dfrm '"(secondary cortex ) to ward the 
inside. 

'"'In certain plants the secondary growth 
does not occur as described above. I he 
deviating kinds of secondary growth are 
known as A NOMA I ous SCrONiURY 
GROWTH ( A rLstnlochia , BoufiatnuiUm ). 

Leaf 

A leaf is often relcrred as a food factory of 


the plant as it is in this organ that the bulk 
of photosynthesis occurs. It is also an 
organ from which water evaporates jn 
profuse quantities. 1 he leaf has a large 
surface and an extensive system of air 
spaces. Leaves show a wide range of 
shapes and sizes as you have already 
studied. 

I he epidermis covers the upper surface 
(adaxial epidermis) and lower surface 
(abaxial epidermis) of the leaf 
(I-Tg.26.43A). I he epidermis is inter¬ 
rupted by a large number of openings 
called stomata (stoma, singular), I hus the 
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CORK 

Mature woody stems have a peripheral water proof tissue called cork. It is 
composed of dead cells with thick walls impregnated with a waxy material 
called suberin. Cork is formed by cork cambium (philogen), a lateral meri- 
stem, which replaces the epidermis in stems and roots of oldei woody plants. 
Although some amount of cork is present in many plants, it is only from the 
cork oak tree (Quercuti ,s uher) that commercial cork can be harvested as 
sheets every few years. The tree is a native of the western mediterranean 
region. Cork insu lates tre es , fro m freezing temperatures in the cold winter 
and also help s in th e conserv ation of water. Cork shows openings in the form 
of scars on its surface. These are calledJ.rNTK CCS. I hese openings permit 
the exchange" of gases between the atmosphere and living cells below the 
cork. Cork is light, highly compressible and does not catch lire easily, f Inc of 
the oldest uses of cork is as a stopper for bottles Because it is nnn*reacti\e 
and undamaged by liquids, cork has been an ideal material lor centuries for 
corking wine bottles and casks. More recent uses of cork include manufac¬ 
ture of insulation boards, shock absorbers, linoleum, sports goods, etc. 
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epidermis of the aerial part of the plant is 
the layer which is at the interface of the 
plant and the atmosphere. Each stoma is 
surrounded by two kidney-shaped cells 
called the guard cells (Fig.26. 41B). 
The opening and closing of the stomata 
are determined by the expansion and con¬ 
traction of the guard cells. Stomata regu¬ 
late the exchange of gases and the loss of 
water vapour from the leaves. 

The tissue enclosed between the two 
epidermal layers is called the mesophyll 
(this name is derived from the Greek 
words Meso — middle and Phyllan 
leaf). The mesophyll consists of elongated 
cells arranged in rows or stacks called the 
palisade parenchyma and/or irregu¬ 
larly arranged cells with large intercellular 
spaces, known as the SPONGY PAREN¬ 
CHYMA (Fig.26.43A). The mesophyll cells 
contain abundant chloroplasts The pro¬ 
portion of the palisade to spongy paren¬ 
chyma depends on the habitat of the 
plant. More palisade tissue occurs in 
leaves L exposed to bright light d uring 
devel opment than thos e ~~exposed tci 
shade. 


'The vascular bundles in the leaf are 
located in the midrib and the veins. In 
each vascular bundle of the leaf the 
phloem is located toward the abaxial side 
and xylem toward the adaxial side. 

Root 


Root is the underground part of the plant 
axis. Mos uv m nos perm is a n d-thc d loot v 1 e.- 
dons havp. a -mu arv-tf^ytyrttu 

The histology of the root apex differs in 
different plants. The root apical meristem 
is subterminal because it is covered by a 
protective root cap (calyptra) 
(Fig.26.44) produc edJby..a meristematic 
zone called the cat vptropen the root 
cap acts as a buffer between the soil and 



Fig, 26.42 A magnified view ol a portion of cross- 
section of stem after secondary growth 
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H((. 26.4J.V ( rijsvscslmn ot a portion ol a Wit showing iikm<(.<(•> it tissue anil ’.cm 




Fig. 26.43 ft Portion of epidermis enlarged to show stomata 
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the apical meristem. The root apex does 
not produce any lateral organs. The root 
apex, which gives rise to different types of 
tissue may or may not exhibit meriste- 
matic zonation. The root apex has a zone 
of slowly d ividing cells in the middle of 
highly meristematic cells. This is known 
astEe QUIESCENT CENTRE. 

TBejpot has.a uniseriate epidermis. It 
forms outgrowths called root hairs from 
t heregion j ustbehiad the zone of elonga¬ 
tion. Root hairs are invariably unicellular 
and are formed in great profusion. They 
are principal sites of absorption of water 
and minerals. They are short-lived and are 
’ replaced continuously. 

The root cap has the appearance of a 
thimble and protects the root meristem. 
The cells of the root cap secrete a mucilagi¬ 
nous substance that acts as a lubricant. 
Without this adaptation, it would have 
been almost impossible for the tender root 
tips to enter the hard crust of the soil, The 
root cap cells are also short-lived. They 
are parenchymatous and contain starch 
grains. It is believed that the starch grains 
are responsible for the geotropic response 
ofthe roots. 1 

The root cortex consists of parenchyma 
cells (Fig.26.45). In monocotyledons the 
cortical cells may become sclerenchyma- 
tous. Usually the cortical cells have no 
chloroplasts but the roots of water plants 
and epiphytes (plants living on other 
plants) may have them. 

(The inner- most layer of the cortex 
develops imp a specialised layer called the 
endoderm is, In all most air the roots the 
endodonmlPhls T peculiar band-like 
thickening made of lignin and suberin on 
the anticlinal walls (radial and transverse) 
(Fig.26.45). This ba nd is known as the 
casparian sfg'rp"TT piasmolysis 

the cells- ofthe endodermis and allows 


the soil water to pass across. 

The vascular tissue of the root is sur¬ 
rounded by a uniseriate or muitiseriate 
tissue called pericycle. In a young root 
tSe pericycle is parenchymatous. In mon¬ 
ocotyledons which do not show secondary 
growth, the pericycle undergoes lignifica- 
tion in the older roots. The roots of certain 
water plants and parasites do not have 
pericycle/The lateral roots generally origi¬ 
nate from the pericycle ^endogeno us 
^origin). 

The vascular tissues of the root are seen 
as discrete strands of phloem, alternating 
with xylem. Dicotyledons have two 
( diarch), three (tria rch), four (tetrarch) 
(Fig. 26.46), five (pentarch) or six 
(hexarch) strands. A root containing more 
than six strands is known as POLYARCH. 
Most of the monocotyledonous roots are" 
polyarch (Fig.26.47). In th e dicotyledo¬ 
nous roots the xylem generally occupies 
the centr e. If no xylem i s. present Jn .the 
ccjilcc, as in the case of monocotvlcdo- 
-52ii2JS2Js. 

matous pith . In the root, the 
protoxylem is located toward the 
perip hery of the vascular cylinder and 
METAXYLEM toward the centre (exarch 

Secondary Thickening: Secondary growth 
occurs in the roots of most dicotyledonous 
plants with the exception of a few short¬ 
lived herbs and submerged aquatic^ In 
the root the secondary vascular tissue is 
first formed in the region between the pri¬ 
mary xylem and the phloem. A cambial 
.ring is fonned by the joining ofthe vascu¬ 
lar cambium on the inner ed ge oL the 
phloem (Flg.26.48A) with th e cam bium 
|fffferentiated from the'celfe ofthe pericy- 
H^gutsiae the protoxylem (Fig. 26.48B). 
TfiedeftTOfivies of the cambium differen- 




« apical meristem, 
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root cap and different types otf 
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Fig. 26.45 Cross-section of a portion of dicotyledo¬ 
nous root showing histological details 

tiate into secondary xylem toward the 
inside of the root axis and secondary 
phloem toward the outside (Fig. 
26.48C.D). 

Wood 

Wood is the principal product of metabo¬ 
lism of trees and it forms the bulk of their 
body. Wood is unique among the impor¬ 
tant re newabl e raw materials. People have 
been using wood even before metals were 
discovered. It is a source of fueLtimber, 
shelter, tools andJurniturV Around 4000 
B.C. Egyptians built ships out of cedar 
wood imported from Lebanon. An 


unknown Greek woodman invented a 
primitive wooden lathe which heralded 
the era of the first machines. 

Let us study how wood is formed and 
what are its important features. 
Botanically, wood is secondary xylem I 
farmed by vascular cambium during sec- \* 
ondary growth. Vascular cambium con¬ 
sists of two types of initials: (i) FUSIFORM 
JNITIALS that produce elongated xylem 
elements such as tracheary elements (ves¬ 
sels and tracheids), fibres and axial paren¬ 
chyma cells, and (ii) ray INITIALS that 
produce cells horizontal to the longitudi- 


Flg. 26,46 Cross-section of a dicotyledonous root 
showing the arrangement of xyt^m and 
phloem (vascular tissue) 



Root hair 
Cortex 
Xylem 
Phloem 



Fig, 26,47 Cross-section of a roonocotykckmous 
root showing polyveb vascular usoe 
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nal axis of the stem (rays). The tissue com¬ 
ponents of the wood show specific fea¬ 
tures which are important in wood 
identification. 

Softwood and Hardwood: The wood pro¬ 
duced by gymnosperms is'commercially 
called softwood. This term does not 
mean that the wood is soft. In fact, conif¬ 
erous woods are quite hard. Soft wood is 

5 i s £i£Bown as non-porous wood because it 
lacks vessels... 


wooc * dicotyledonous trees i< 
called hardwood or porous wood 
hMVfiaejs (pores). If you examine a't J 
verce sccuonoTa log by a hand lens yoS 
easily tell whether it is softwood or h S. 
wood. The softwoods are made of 9qjic 
per cent of tracheids.and 5-10 per Wf 
ray cells. I he tracheids transport water 
and give support to the tree^ncl the raw 
serve as channels for radial transport and 
to store products of photosynthesis Hard 
woods are composed of vessels (sort* 



B 



C 


0 

Fig. 26.48 Stages of secondary growth in root (diagrammed 
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annual ring has prominent vessels in 
earlywood and narrow ones in latewood. 
Wood has large and small vessels in dis¬ 
tinct parts in an annual ring. Such woods 
are called ring porous woods 
(Fig.26.50). In the tropics there is no sharp 
distiiaasotiULand the wood con¬ 
tains vessels o f the same siz ean latewood 
and earlywood. Such woods are called DlF- 
FUSglQkoO? (Fig.26.5 fi7~ 


Fig. 26.49 Cross-seciion of a log of teak to show 
sapwood and heartwood 
(Photo: Dr. M.N.B.Nair) 

times tracheids), fibres and parenchyma. 

Sapwood and Heartwood: After certain 
years of growth several woods develop 
dark colouration in the centre. This dark 


Wood as a Raw Material : Wood has been 
used for various purposes from pre¬ 
historic times. Even in modem times 
wood is a versatile material and is univer¬ 
sally used as an engineering and industrial 
raw material. The greatest asset of wood is 
that it is renewable. 

The features that make wood unique 
are the following: 

1. It is light and can he transported over 
distances at a reasonable cost. 

2. Fluctuations in temperature cause lit¬ 
tle change in the volume of wood. 


coloured, wood is dead and is called 3. It is a poor conductor of heat, electric- 
heariwqqd. The peripheral, light- ity and sound, Wooden houses are 
c olour edJiving wood is called Sapwood warm in winter and cool in summer. 
(Fig.26.49). Heartwood contains organic 4. Wood is easy to work with. It can be 
comp oun ds like oil, aromatic substances, cut, shaped, peeled and joined by 
g um, re sins, tannins, and other coloured glues, nails, screws or bolts. Many 
materi als. These substances are collec- simple tools and implements can be 
li vely k nowaas extractives. Heartwood made for household uses by people, 
is more durablsjand resi stant to microor- 5. Wood holds paint, lacquer, varnish 
gaaisms^ndjnsects than sapwood, and other finishing materials because 

The activity oTcambfum is influenced of its porous nature, 
by environmental conditions. During Wood is strong and absorbs shock 
favourable seasons (spring and summer^ 1 '' 1 loads and vibrations better than 
ca mbium is acti ve and produces large ves- metals, 
sels—or—tracheids T eaR LYWOQD): ' In 7. It does not rust or crystallise, 
adverse climatic conditions (autumn and 8, Being fibrous, wood is easily con- 
winter) th e vessels a nd tr acheids pro- verted into pulp, which is used for the 
duced-are-small (latewo od). The xvl em manufacture of paper, plastics, rayon 
formed duriggjQn^g r&wt h- p e riod i s - e alled and transparent film, 
an At9jiiAL4«NG. In temperate regions 9. Above all, wood is beautiful and 
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Fig, 26.50 Cross-section showing ring porous 
wood (Photo- Dr. M. N. B.Nair) 


The following are a few limitations of 
wood: 

1. Its mechanical and physical proper¬ 
ties cannot be changed or improved 
by heating. 

2. It cannot be rolled into new shapes. 

3. It is an organic material subjected to 
infection by microorganisms and 
decay. 

4. Wood is combustible. It ignites spon¬ 
taneously at 275 °CL 

Petroleum and other fossil energy sources 
are being rapidly depleted, Therefore, 
production of wood-derived fuel and 
chemicals through thermal, chemical and 
biological methods has become very 
important. You will leam about the vari¬ 
ous uses of wood and wood products 
later. 


Importance of Studying Anatomy 

Besides enriching our knowledge of plant 
structure, anatomical studies help us is 
solving taxonomic problems. Food adul¬ 
teration is a commercial malpractice. The 
microstructure of adulterated spices, cof¬ 
fee, tea, vegetable dyes, tobacco, saffron, 
asafoetida (keen#), plant drugs and other 
vegetable materials can be microscopi¬ 
cally determined, pharmacognosy (the 
science which deals with the sources, char¬ 
acteristics and possible uses of medicinal 
substances in their natural or unprepared 
state) heavily depends on anatomical 
studies. Timber is becoming scarce and 
very often cheap and inferior woods are 

Fig. 26.51 Cross-section showing diffuse porous 
wood (Photo: Dr. M. N. B Nmr) 
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used in place of certified woods for con¬ 
struction, furniture, ship-building, vehi¬ 
cles, etc. Wood anatomy can help in dif¬ 
ferentiating the spurious materia! from 


the standard woods. Forensic experts 
require the knowledge of plant anatomy to 
identify small pieces of plUnts or their 
products for solving criminal cases. 


SUMMARY 


The plant body has two main systems—the root and the shoot. The root system 
anchors the plant in the soil and aids in absorption of water and minerals. Roots may 
be modified to serve the function of storage of food and vegetative propagation. The 
shoot is branched and bears leaves, flowers and fruits. Based on the height and 
strength of the stem, plants are classified into herbs, shrubs and trees. 

Stems are generally negatively geotropic and aerial. However, variously modified 
underground stems occur. These are rhizome, bulb, corm and tuber. These serve as 
organs of food storage and propagation. Runner, sucker and stolon are examples of 
semi-and regions are often leafless and their stems are green and photosynthetic. 

Leaves are the main phoiosynlhetie organs of the plant and originate from the 
shoot apical meristem in a definite sequence. The outline of the leaf-blade, margin 
and tip show an enormous variation. The veins of the leaf-blade are reticulate in a 
dicotyledon and parallel in a monocotyledon. A leaf is called compound when the 
lamina is incised completely to form independent leaflets. A compound leaf may be 
pinnate or palmate. In insectivorous plants leaves are modified to trap insects. 

The plant height, rate of leaf production, intcrnodal length, leaf arrangement, 
laminal thickness, shape, orientation to light and period of retention on the plant arc 
features that contribute to crop productivity. 

Internally the plant organs art composed of various types of tissues, each with a 
specific structure and function. The three basic tissue systems are: dermal (epider¬ 
mis), vascular (xylem and phloem) and ground or fundamental (parenchyma, collen- 
chyma and sclerenchyma). Unlike animals, plants produce new tissues and organs all 
through their life by the activity of mcristems. Meristems are located at the apices of 
shoots and roots. Cambium and cork cambium are lateral meristems. 

The epidermis covers all the organs and is protective in function. The shoot and 
its organs often contain stomata in the epidermis through which gaseous exchange 
and water loss occur. Parenchyma is thin-walled and stores food reserves. Collen- 
chyma and sclerenchyma provide mechanical strength to the plan! organs. 

^Xylem isj conceraed with the conduction of water and minerals. The conducting 
J cells of xyfera consist of irachcids and vessels, which arc dead at maturity and have 
* 'if ’lignifledwalls. Additionally, xylem may serve the function of support and storage of 
Tood reserves, J 

~"T ranslocation of food and other organic substances occurs in the phloem. Inangi- 
osperms phloem consists of sieve tube members, companion cells, parenchyma and 
fibres. Jute, flax and hemp are phloem Fibres. 

The primary tissues of the stem are derived from mitotic divisions, enlargement 
and differentiation of cells in the shoot apical meristem. They are; epidermis, cortex, 
endodermis, vascular tissue and pith. The vascular tissue occurs in the stem in bun- 
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dies. In dicotyledons, vascular bundles are arranged ina ring.In each bundle, phloem 
and xylem are located on either side of cambium. Increase in the amount of vascular 
tissues is contributed by cells divisions in cambium. The secondary tissues formed 
on the outside of cambium constitute phloem and those formed toward the inside 
constitute xylem or wood, Monocotyledons lack cambium. 

The leaf epidermis bears numerous stomata. The chlorophyllous tissue between 
the upper and the lower epidermis is called mesophyll. The vascular bundles in the 
leaf occur in the midrib and veins. 

The root apical meristem is covered by a root cap. The root cap cells produce a 
slimy mucilage which acts as a lubricant which helps the root tip to penetrate the soil. 
The root epidermis near the Up bears a iarge number of unicellular, short-lived hairs 
which absorb water and minerals. Below the epidermis lies a multilayered cortex, 
whose innermost layer differentiates into endodermis. The pcricycle lies inner to 
endodermis and gives rise to lateral roots. Phloem and xylem in the root appear in 
separate bundles. In a root the xylem is exarch. Secondary growth occurs in the roots 
of most dicotyledonous plants. 

Wood is actually secondary xylem. The wood of angiosperms has vessels (hard¬ 
wood or porous wood); the wood of gymnosperms lacks them (softwood). In a log the 
outer, light-coloured living wood is called sapwood and the dark-coloured central 
core of dead wood is called heartwood. The secondary xylem formed during one 
growth season is called an annual ring. 

Wood is the principal product of metabolism of trees and is an important renewa¬ 
ble material for fbel, timber, paper pulp, rayon and plastics. Wood is easy to work 
with and can be made into a large number of articles. 


QUESTIONS 

1. List the various functions of root. 

2. What are the essential differences between annuals, biennials and perennials? 

3. It is commonly believed that only roots develop below the ground. How would you 
prove that potato tuber is a stem and not a root? 

4. What is the difference between a pinnately compound leaf and a branch bearing 
simple leaves? 

5. Of what importance is the study of leaf morphology for a'physiologist? 

6. What are the three basic Ussue systems in flowering plants? Name the tissues under 

1 each system. ’ > 

7. What is a meristem? Where are mcristems located'in plants and what are their 
functions? 

8. Distinguish between: 

(a) Tracheid and vessel 

(b) Sieve cell and sieve tube member 

(c) Phellem and phelloderm 

(d) Open bundle and closed bundle 

(e) Fascicular cambium and interfascicular cambium 

(f) Softwood and hardwood 
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9. A root system is extensively branched and bears a very large number of delicate 
root tips. How do the the root tips manage to penetrate the hard core of 
soil? 

10. How is secondary thickening accomplished in stems of woody angiosperms? 
What is its significance? 

11 . What features make wood unique as a material? 

12. Of what value is the study of plant anatomy? 






CHAPTER 27 


ABSORPTION AND MOVEMENT OF 

WATER IN PLANTS 



Plants lose huge quantities of water 
through transpiration. The excessive 
water lost has to be replaced or else the 
plants will wilt. In multicellular land 
plants absorption of water occurs chiefly 
through the roots and the loss is mainly 
from the leaves. In this chapter, you will 
study how water moves from the soil into 
the plant and is ultimately lost as 
vapour. 

The direction in which water will flow 
fr Qm’one part ofthe plant to another or 
e ven from one cell to another cell, 
depends on the water potential in the 
two regions. Water potential is measura¬ 
ble and is represented by the Greek letter 
V (Psi). tis usually measured in bars (a 
bar being close to one atmosphere of pres¬ 
sure). Water moves from a region of high 
water potential to one of lower water 
potential. 

Two factors which affect water poten¬ 
tial are the amaunt_of solutes, and exter- 
nal pressure. (Pure wat er at a tmospheric 


jgressure has zero water potential CP-0 > 
bar). Addition of solutes causes lowering 
of water potential. Thus a 0.1M solution 
containing any solute has a V of - 2.3 bars 
which is lower than the T of pure water. 
When this solution is separated from pure 
wate r by a semi-permeable membrane, 
such as plasma membrane, wil? 
move from the region of pure wau» to that 
o TtKe soluti on. This, process is called 
osmosis,, about which you have learnt in 
Chapter 8. Water that occurs in soil con¬ 
tains dissolved minerals and is generally a 
weaker solution than the solution (con¬ 
sisting of protoplasm and vacuolar sap), 
present in root hairs. Therefore, water 
moves into the roots from the soil. 

Contrary to the effect of solutes, pres¬ 
sure increases water potential. In a system 
consisting of a solution separated from 
water by a semi-permeable membrane, 
water movement can be prevented by 
applying'press ure — O SMOTiC PRE&USR 

t<5 the solution. Thft rwTTintm nrMMIM re 
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balanced by the external pressure. In the 
case of 0.1M solution this is equivalent to 
+2.3 bars. 

You already know that when a plant 
cell is placed in a hypertonic solution, 
jplasmolysis occurs "Sue to loss of water 
and the cell becomes flaccid] What hap¬ 
pens when a plant cell is placed in hypo¬ 
tonic solution? (The cell absorbs water till 
it becomes turgid] As, the protoplasm 
expands due to the entry of water it exerts 
a“pressure on the elastic cell wall. This 
pressure is called turgor pressure. You 
know from your physics lessons that every 
action causes an equal and opposite reac¬ 
tion. So in the case of plant cell, the elastic. 
wall exerts a counter pressure. This is 
c alled WALL pressure. When the wall 
pressure equals turgor pressure then the 
entry of water into the cell stops, At this 
stage the ¥ of the cell is equal to thatof its 
environment. A dynamic equilibrium is 
reached in which there is no net move¬ 
ment, but equal exchange of water mole¬ 
cules can occur across. 

T urgidity of cells is essential for plants 
to l ive and grow normally. Turgor pres¬ 
sure aids’ fh cell enlargement and conse¬ 
quently in stretching of the stems and in 
keeping leaves erect and fully expanded. 
Thus turgid cells provide mechanical sup¬ 
port necessary for the non-woody tissues 
(maize, sugarcane, banana, etc.). Loss of 
turgidity leads to wilting of leaves and 
drooping of shoots. You may have noticed 
that potted annual plants in your home 
and gardens wilt on a dry sunny day. This 
is because their cells become flaccid as 
more water is lost by transpiration, than is 
absorbed by the roots. This can be reme¬ 
died by adequate watering. Even an 
unwatered potted plant recovers from 
wilting at night, as absorption continues 
to occur to taake good the water lost from 


foliage. The opening and closing of sto¬ 
mata are regulated by the turgidity of the 
guard cells. Leaf movements of many 
plants (like bean, sensitive plant Mimos 
pudica) are controlled by loss and gain of 
cell turgor. 

Availability of Water in the Soil 

Soil is the major source of water for land 
plants. Generally, soil is a combination of 
varying amounts of mineral particles and 
organic matter. It also contains water and 
air in the spaces between the particles. 
Water in the soil consists of three princi¬ 
pal fractions: gravitational water,) 
CAPILLARY WATER and HYGROSCOPIC i 
WATER. When water enters the soil from 
the surface either by irrigation or rain, it 
passes through the spaces between the soil 
particles and reaches the water tabu 
(depth below which the ground is satu* 
rated with water). This fraction of soil 
water is called gravitational water. It 
is not usually available to plants because it 
lies far below the reach of the roots. In the 
smaller pores of the soil, water is held 


IN search of water 
In the deserts, shallow rooted plants 
generally disappear after the rainy 
season and only perennials with deep 
extensive root systems are able to sur¬ 
vive under extreme arid conditions. 
For example, a 60 cm high Mm 
persica plant can have a tap root sys* 
tem reaching a depth of 6 metre*. The 
desert grass Lasiurm ayndkus, a 
native of Jaisalmer (Rajasthan) can 
send its roots to four metres depth. In 
Welwitschia mirabili.% an inhabitMfj 
of the deserts of South-West Africa^ 
roots can penetrate to a distance of ik;■ 
metres. 
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against the force of gravity by capillary 
forces and is called capillary water. 
This water is readily available to plants for 
absorption by roots. Even when the soil 
has lost its capillary water, the soil parti¬ 
cles are covered by a thin film of water 
called hygroscopic water. This film of 
water Is held by strong attractive forces 
between the soil particles and water mole¬ 
cules. These forces greatly reduce and 
therefore hygroscopic water is not avail¬ 
able to plants. 

Absorption of Water by Plants 

Scientists have shown that water can enter 
plants through its entire surface (leaves, 
stems and roots). However, the bulk of 
water is absorbed by land plants through 
the roots, especially at the tips. The root 
hairs provide a very large surface for water 
absorption. Movement of water from soil 
into the root hairs, and from them to cells 
of the xylem with lower water potentials, 
results in root PRESSURE which pushes 
the water up the xylem vessels. The gene¬ 
ration of root pressure is an active proc¬ 
ess. This is because only when minerals 
are accumulated against concentration 
gradient by active absorption using meta- 
bolically produced energy does the water 
potential of the surrounding cells become 
lowered to effect a net inward movement 
of water. 


Can you believe that the total length 
of roots (minus root hairs) formed by 
a single rye plant (Secak cerealejin a 
period of four months is about 620 
km, covering a total surface area of 
255 sq metres ? This is the astounding 
finding of Dr.Ditmer of Iowa State 
University. 


Activity: Take a well-watered potted plant 
such as tomato. Cut off the stem close to 
the root. You will observe an exudation of 
the kylem sap from the stump. Fix a nar¬ 
row glass tubing, containing coloured 
water on the stem with a piece of rubber 
tubing as shown in Fig. 27,1. After some 



Fig. 27.1 A set-up to measure root pressure 
rime you will notice that the level of col¬ 
oured water rises in the glass tube. This is 
the result of xylem sap being pushed 
upward by root pressure. Root pressure 
can also be measured by attaching a 
manometer to the cut stump with a rubber 
tubing. Pressures up to 5 atmospheres 
have been recorded by this method. 


What is the maximum height to which 
root pressure can push water? Wbile root 
pressure can account for transport of 
water to tips of herbaceous plants, it is 



436 


biology 


incapable of pushing up water to more 
than a few metres. Actively transpiring 
plants and tall trees, especially conifers do 
not generate root pressure. However, in*p 
herbaceous plants root pressure has 
another effect. When root pressure is high h 
and t ranspiration is low, some plants may 1 
lose smal l quantities of liquid water in thefy 
form of drops from the margins or tips of y 
lm«. Tlns prpcess is called guttation. 
Guttation is frequently seen occurring at 
night in .herbaceous plants growing under 
conditions of high soil moisture and high 
atmospheric humidity. Guttation occurs 
through s pecia lised pores called 
HYDATHQDES situated near a vein ending 
(Fig.27.2). 



Fig. 27.2 Longitudinal section oft leaf Up showing 
a hydathode 

Some of the tallest trees in the world 
reach heights of over 80 metres, Their 
roots cover an extensive area in the soil to 
absorb water. How is water pumped to 
such great heights? This is one of the most 
challenging questions which biologists 
have tried to answer for the past 250 
years. In explaining the ascent of water, 
several physical phenomena, the chemical 
nature of plant cell walls and the structure 
of 'the xylem tissue have to be kept in 
mind, The enormous number of moist 
walls of mesophyll cells lose water vapour 
which accumulates in the intercel¬ 


lular spaces and makes them highly satu¬ 
rated-. The intercellular spaces in themes, 
ophyll of leaves are connected to the 
atmosphere through the stomata. The air 
outside is comparatively dry. Since dry air 
has a lower water potential than moist air, 
water vapour diffuses out through the sto¬ 
mata. This lowers the water potential of 
the surrounding mesophyll cells, which 
then draw water from the cells in the 
deeper tissues of the leaf. Thus during 
transpiration (the process by which leaves 
loose water vapour from the aerial parts) 
water is drawn continuously From the tip 
of the tree, along the xylem Of the stem 
and the root tips in contact with soil water 
to_create a TRANSPIRATION PULL. 

The walls of xylem vessels made of 
ligno-cellulose have a strong affinity for 
water molecules. The adhesion of wafer 
molecules to the xylem vessels, and coins 
sion of water molecules, both by hydrogen 
bonds, together help to form thin, unbro¬ 
ken columns of water in the capillaries of 
xylem vessel elements. When the transpi¬ 
ration pull is exerted, a negative pressure 
ory tension is generated in the xylem, 
which is transmitted down to the roots. 
Just as an increase of pressure results in 
increased water potential, so does tension 
cause a decrease in water potential. The 
lowered water potential favours uptake of 
water by roots. The above mechanism can 
account for lifting water to the tips of the 
tallest trees that occur on the earth. Water 
potential as low as- 30 bars has beenmea- 
sured in the leaves borne on tree tops. Low 
water potential of this magnitude is suffi¬ 
cient to overcome gravitational pull and 
resistance offered by the narrow capillar¬ 
ies of xylem vessels. 

Transpiration 

Land plants absorb large quantities of 
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water from the soil, but only a fraction of 
it is utilised for maintenance of their-life. 
The rest of it is lost from the plant either 
in the form of liquid or vapour. 


HOW MUCH WATER DOES 
A PLANT NEED? 

Less than 2 per cent of all the water 
that a plant absorbs is required for its 
various uses. Miller (1938) estimated 
the water budget of a Kansas maize 
plant (Zea mays) as follows: 

Water occurring as a consti¬ 
tuent 1,872 g 

Water used as a reagent 250 g 
Water lost in transpiration 202,106 g 

204,228 g 


About 98 per cent of the water absorbed 
by land plants evaporates from the aerial 
parts of the plant and diffuses into the 
atmosphere. It is understandable that 
transpiration largely occurs through the 
minute pores called stomata (about which 
you learned earlier) in the leaves, which 
are thin and expose an enormous surface. 

Role of Stomata in Transpiration 

As stomata are the gateways of transpira¬ 
tion, their behaviour influences the rate of 
transpiration. Stomata are generally 
closed at night and during the later part of 
jhqt sunny afternoon. The rate of transpi¬ 
ration is generally very low at night, 
increases rapidly from early morning until 
midday and then decreases rapidly. Such 
a diurnal variation in transpiration is reg¬ 
ulated by the degree of opening of the 
stomata. 

Let us examine the structure of stomata 
and the mechanism of their opening and 
closing As you studied earlier, each stoma 
is a small aperture in the epidermis sur¬ 


rounded by two guard cclis(The opening 
and closing of the stomata are controlled 
.by the size and shape of guard cells^esult- 
ing from the changes in their turgor, fin 
dicotyledonous plants such as bean and 
tobacco, the guard cells are usually 
kidney-shaped (Fig.27,3). The guard cell 
walls surrounding the aperture are thicker 
than the outer wall. When the guard cells 
become turgid, the outer walls become 
more convex, drawing the inner walls 
apart and increasing the size of the stoma- 
tal pore (Fig.27.3A). When the turgor 
pressure of the guard cells decreases, the 
inner walls sag, causing closure of the 
space between' them (Fig.27.3B). In 
grasses, the guard cells are dumbbell- 
shaped and their cell walls are thickened 
only In the middle. When the guard cells 
expand by water intake, their ends with 
thin walls bulge outwards and draw the 
thick walls apart. This results m stomatal 
opening (Fig.27.3C). When the guard cells 
lose water, the thick walls move closer and 
the opening is shut (Fig.27.3D). That dis¬ 
tension of guard cells is responsible for 
opening stomata is well-known but the 
mechanism by which water moves into 
the guard cells has been explained con¬ 
vincingly only recently. ' 

It has been demonstrated that changes 
in turgor pressure that open and close the 
stomata result from the reversible absorp¬ 
tion and loss of potassium ions (K r ).*The 
stomata open when the guard cells take up 
K + from the surrounding cells. This 
causes a decrease in the water potential 
within the guard cells. Water enters and 
causes the guard cells to become turgid. 

The uptake of K f ions is balanced by 
one of the following: (i) uptake of chloride 
(Cl~), (ii) transport of H H ions released 
from ofganic acids (such as malic acid), 
(iii) by the negative charges of the 
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organic acids when they lose H + ions, 
The exodus of K + ions leads to osmotic 
loss of water from the guard cells and the 
closure of stomata. 

There are several factors that influence 
stomatal closure. Some plants show 
rhythms of opening and closing of sto¬ 
mata irrespective of the environmental 
conditions. 

Severe drought stress or intense solar 
radiation causes the production of a plant 
hormone, abscisic acid (aba; which sig- f 
nals the closure of stomata. This has an 
adaptive value in preventing excessive 
water loss. 

\ 

Factors Affecting Transpiration 

Two individual plants grown in the same 
environment may lose different amounts 
of water by transpiration. This is largely 
due to differences in their total leaf area. 
However, th$Wte of transpiration per 
unit area of the leaf surface may also dif¬ 
fer, based on the morphology and anat- 
ditiy of the leaves. For example, plants 
growing in ar^ region s bear small leaves 
with thick cuticle, sunke n stomata, jepi- 
dermal hairs and well-d e veloped palisad e 
paxenshyma. There are also plants in 
which leaves are absent. The succulent 
stems take up the photosynthetic function 
and contain mucilage or latex in their tis¬ 
sues. These features help reduce the water 
loss from plants. The rate of transpiration 
also depends upon thp'ptent of root and 
shoot growth. UsuallHhe rate of transpi- 
ration incre ases with an increase "in the 
root-shoot ratio.”" 

Transpiration is influenced b/environ- 
ffientantctors) such as light, tem perature, 
atmospheric huroiditliyapour pressure), 
wjnd,and availahiliuoLwater in the.soii. 
As explained eariielylight influences tran- 
,spira.tifia tijr.Qugh its effect on tie opening 


of the stomata. Leaves absorb sunlight as 
radiant energy. Only a small proportion of 
it is used in photosynthesis and the rest of 
it is converted into heat energy which 
increases the temperature of the leaf. A 
relative rise in temperature of the IftaF 
increases the vaporisation of water within 
the leaf, causing rapid water loss from the 
leaf through transpiration. The rate of 
evaporation of water is generally doubled 
with about every 10'C rise in temperature. 
£ decrease in the amount of available 
water in .the soil reduces absorption and 
hence transpiration, wilting occurs 
when the loss of water by transpiration 
exceeds the rate of uptake by roots. 

" I he diffusion of water vapour from the 
intercellular spaces of leaves to outside 
atmosphere depends on the moisture con¬ 
tent of the atmosphere. If the moisture 
content of the atmosphere is high, the rate 
of transpiration is relatively low but as the 
moisture in the air decreases, the rate o£ 
transpiration increases rapidly. 

The movement of air (wind) over the 
transpiring leaf surface tends to remove 
water vapour diffused from the leaf and in 
turn increases the water vapour gradient 
"from the leaf to the outside air. High wind 
velocities often induce stomatal closure 
due to rapid water loss from the guard 
cells causing a decrease in transpiration.. 
At rimes, moderate wind also reduces leaf 
temperature which in turn decreases the 
rate of transpiration. This usually occurs 
on a sunny day when the leaf temperature 
is higher than that of the surrounding 
atmosphere. 

Significance of Transpiration 

Transpiration is important for plants 
because it directly influ ences the absorp¬ 
tion of water" ff oriTthe sblT.T he evapora¬ 
tion oFwater during transpiration contri- 




butes to the cooling of leaves (and also the 
surrounding air) and protects leaves from 
heat-injury, particularly under conditions 
of high temperature and intense sunlight. 
Transpiration is also important because it 
causes the move ment of water and miner¬ 


The rate of transpiration in a plant is 
an indirect measure of the rate of pho¬ 
tosynthesis, as it indicates the degree 
and period of stomatal opening. The 
amount of water used by a crop plant 
to produce a unit weight of dry matter 
is called water requirement Water 
requirement differs from crop to crop. 
Rice, sugarcane, and tomato require 
large amounts of water. Btyra, sor¬ 
ghum and ragi (. Eleusine coracana) 
require relatively low inputs of water. 
In a country like India where irriga¬ 
tion is not available in large tracts of 
land, the choice of crops that can be 
raised under rainfed conditions is 
largely determined by water require¬ 
ment. The same is true of plantation 
and tree crops. Coffee, tea, atecanut, 
coconut, rosewood, teak, willow and 
bamboos need large quantities of 
water, Neem, acacias and Prosopis, 
sisham (Dalbergia aissoo) can grow 
well with low moisture, In general, 
plants that occur naturally in arid 
regions with adaptations to reduce 
transpiration also show slow rates of 
growth. 


als absorbed by the roots to die other parts 
of the plant. Leaves are ideally suited to 
capture sun's energy and absorb carboa 
dioxide through the stomata. These fea¬ 
tures tend to increase transpiration rates. 


ANTI-TRANSPIRANTS 
You have studied earlier that most of 
the water absorbed by plants is lost to 
the atmosphere by transpiration and 
hence the water use by plants is very 
inefficient. At present efforts have 
been made to improve the efficiency 
of water use by plants." One of the 
approaches is to reduce transpiration 
by the application of certain chemical 
substances which increase leaf- 
resistance to water vapour diffusion 
without affecting carbon dioxide 
uptake. These substances are called 
an ti-trans pirants. Phenylmercuric 
acetate causes partial closure of sto- 
roata t * yfaxv materia ls il^ai: cover the 
stomata as a film have more resist¬ 
ance to water vapour than to carbon 
dioxide. These substances are com¬ 
monly used as anti-transpirants. The 
use of anti-transpirants to reduce the 
enormous loss of water by transpira¬ 
tion has practical importance to 
improve plant productivity under 
conditions of limited water supply. 


SUMMARY 


Water is the principal constituent of plants and is essential for the maintenance of 
life, growth and development. Plants absorb water from the soil through their roots, 
transport it to other parts of the plant through the xylem and lose it into the atmo¬ 
sphere by transpiration. Hence, there is a soil-plant-atmosphere continuum of 
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water. Various physical phenomena such as diffusion, osmosis, turgor and cohesion- 
tension play a role in the absorption of water from the soil and its transport within the 
plants. The upward movement of water in plants is mainly through the forces of 
cohesion between water molecules and adhesion between the water and the walls of 
the xylem cells. 

The bulk of water absorbed by plants is lost from leaves into the atmosphere as 
vapour by the process called transpiration. Since stomata are the openings through 
which water is lost from plants, transpiration is mainly controlled by stomatal move¬ 
ments. The opening and dosing of stomata depend on changes in the turgor of guard 
cells. The tuigjdity of guard cells is regulated by K + fluxes between them and the sur¬ 
rounding epidermal cells. 

Transpiration is also influenced by environmental factors such as light, tempera¬ 
ture, availability of soil water and atmospheric humidity. Transpiration facilitates 
the movement of water and minerals, absorbed by roots, to other aerial parts of the 
plant. The water requirement of crops principally determines their cultivation in var¬ 
ious agro-climatic zones. Plants growing in areas of severe water scarcity have ven¬ 
ous adaptations to minimise water loss. 


QUESTIONS 


1. What are the two kinds of interactions of water molecules that allow water to 
travel upward in plants? What other physical process aids in water transport to 
tops of trees? 

2. Which ofthefollowinghas the highest water potential (a) IM salt solution (b) 1M 
sugar solution (c) distilled water (d) 1M sugar solution with 2,3 bars pressure 
applied to it. 

3. Fill in the blanks: 

(a) The water potential of pure water is________ 

(b) When plant absorbs the waterfrom the soil, the water potential ofthe root cell 

is__than the soil. 

(c) Plants lose water by the processes of_and_ _ 

(d) Loss of water through the epidermis of aerial parts of the plant is reduced 

by—---...._...., 

4. What forces are involved in the absorption of water from the soil by root 
hairs? 

5. Define osmosis and explain how it influences other components of cell water 
relations in plants. 

6. What are guard cells? Explain their role in regulating transpiration. 

7. Why is transpiration in higher plants considered a necessary evil? 

8. Write brief explanatory notes on (a) Root pressure (b) Water potential (c) Gutla- 
tion and (d) Significance of transpiration. 




CHAPTER 28 


MINERAL AND NITROGEN NUTRITION IN PLANTS 



Modes of Plant Nutrition 

ALL living organisms require raw materi¬ 
als for building their structure and for 
maintaining their functions. The Chemi¬ 
cal substances that provide nourishment 
tojiving organisms are called NUTRIENTS. 
Nutrients may be simple or complex 
organic molecules or mineral ions. For 
example, green plants utilise water and 
carbon dioxide to form sugar during pho¬ 
tosynthesis. Further conversion of sugars 
into starch, cellulose, fats, amino acids 
and other complex organic molecules 
requires the participation of inorganic, 
molecules and ions. Nitrogen and sulphur 
are taken up in the inorganic form and are 
reduced and converted into organic mole¬ 
cules such as amino acids. Iron is used by 
plants to synthesise cytochrome s. You 
have already studied that some enzymes 
require metals as cofactors. 

Heterotrophic Nutrition 

In the classification of living organisms 


you have learnt that the kingdom 
Plantae is characterised by autotrophic 
mode of nutrition. However, some plants 
are incapable of photosynthesis and 
obtain water, minerals and certain 
organic compounds from other auto¬ 
trophs. This type of nutrition is referred to 
as H ETEROTRO PHIC NUTRITION. For 
example, the parasitic plant Cuscutn 
grows on green host plants and sends 
out root-like structures, called 
HAUSTORIA, which penetrate the vascular 
tissue of the host and absorb water, miner¬ 
als and organic compounds. 

Some autotrophs supplement their 
nutritional requirements by trapping and 
digesting insects and other small animals. 
Such plants are called CARNIVOROUS or 
INSECTIVOROUS PLANTS *(Fig. 17.13). The 
best known examples of insectivorous 
plants are the pitcher plants [ Nepenthes 
(Fig. 28,1), Samwewdl, the sundew 
(Dmera), venus fly trap {Dionaea) and 
the bladderwort (Utricviaria), Nepenthes 
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pitcher. 

The sundew plant (Drosera) has 
rosettes of leaves covered with hairs that 
secrete drops of a sticky fluid at their tips 
{these glisten in light and hence the name 
‘sundew'). An insect alighting on the leaf 
gets stuck and the other hairs bend down 
and prevent the insect from escaping. The 
enzymes secreted by the hairs digest the 
insect and the products are absorbed by 
the leaf surface. Research has shown that 
many insectivorous plants are able to sur¬ 
vive without feeding on the insects but 
their growth is stimulated when they trap 
and utilise insects. 

Inorganic Nutrition in Plants 

Chemical analysis shows that carbon, oxy¬ 
gen, hydrogen and nitrogen constitute the 
bulk of the plant body. In addition, a large 
number of other elements arc also found. 
Some of these occur in trace amounts 
(Table 28.1). 


Fig. 28.1 In the pitcher plant Nepenthes, leaf is 
/y modified to trap insects. 

ithasiana, which has large nitqher s. occurs 
in north-eastern India and has been listed 
as an endangered plant. Pitcher plants 
(Fig 28.1) bear pitcher-shaped leaves that 
collect small amounts of water. Insects are 
attracted to these pitchers either by their 
bright colours or by their nectar. The 
insects that slip into water are prevented 
from coming out by the hairs near the rim 
of the pitcher, which are pointed down¬ 
wards. The trapped insects eventually die 
and are decomposed by microorganisms. 
The breakdown products of insects are 
absorbed by the inner surface of the 


Table 28.1 

ELEMENTAL COMPOSITION OF MAIZE 
PLANTS BASED ON THE DRY WEIGHT 


Element 

% of dry weight 

Oxygen 

44.4 

Carbon 

43.6 

Hydrogen 

6.2 

Nitrogen 

1.5 

Silicon 

1.2 

Potassium 

0.92 

Calcium 

0.23 

Phosphorus 

0.20 

Magnesium 

0.18 

Sulphur 

0.17 

Aluminium 

0.10 

Iron 

0.08 

Manganese 

0.04 


Data from Latahaw and Miller (1924) 
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Criteria of Essentiality of Elements 

The roots of green plants absorb a very 
large number of elements from the soil. 
This number may vary from 30 to 40.,But 
only a few of them are essential for plant 
life. How is it possible to determine which 
elements are essential for plant growth 
and development? Our answer to this 
question has been based on water culture 
experiments (see the box). The following 
are the criteria of essentiality of elements: 
(i) t he element must be absolutely neces- 
saryjor supporting normal growth and 
reproduction, (ii) the requirement of the 
efement must be specific and not replace¬ 


able by another element, (iii) the element 
must be directly involved in the nutrition 
of the plant. Magnesium, for example, is a 
constituent of the chlorophyll molecule 
and is essential for photosynthesis. 
It cannot be replaced by any other element 
for the same function. It is also required as 
a cofactor by many enzymes involved in 
cellular respiration and other metabolic 
pathways. Similarly, iron is a constituent 
of cytochromes. 

The essential elements are divided into 
two categories based on the quantity in 
which they are required by plants: 
macroelements and microelements. 


SOIL-LESS CULTURE OR HYDROPONICS 

In general, soil supplies the mineral nutrients for plant growth. However, to 
determine what elements are essential for plant growth, and what symptoms 
are produced by the absence or deficiency of an essential element a well- 
defined nutrient medium has to be used. For this purpose seedlings are 
grown in highly washed pure sand in a glass, glazed procelain or plastic con¬ 
tainer, and supplied with a carefully made-up nutrient solution. Only pure 
salts and glass distilled water should be used. Care must be taken to exclude 
organic matter, microbial contaminants and dust. If the seeds have large cot¬ 
yledons or endosperm these must be removed before the seedlings are 
planted. Cultivation of plants by placing the roots in the nutrient solution is 
called hydroponics. It is necessary to aerate the solution to provide roots 
with adequate oxygen. 

By excluding a particular element in a culture solution, characteristic 
deficiency symptoms can be observed. Deficiency symptoms may vary from 
species to species. The results obtained from soil-less culture may then be 
used to determine deficiencies under field conditions, and suitable amelio¬ 
rative measures may be taken. 

The earliest experiment using a culture solution was done by Sachs in 1860 
and he showed the essentiality of nitrogen for plant growth. Another eariy 
worker in the study of mineral nutrition was Knop (1865). His prescription 
for preparing a nutrient solution was used for a long time by other researchers. 
The role of micronutrients was not known then and the medium contained 
only macronutrients. AJmost seventy years later Arnon and Hoagland’s 
medium was formulated. This contained micronutrients. Iron was supplied as 
ferrous sulphate, and often it precipitated out This problem has now been 
solved by dissolving the ferrous sulphate along with a chelating agent 
Na-EDTA (disodiura salt of ethylene-diaminetetraacetic add). 



FORMULAE OF TWO NUTRIENT MEDIA 


Knop (1865) 


5) 

g/1 

KNO, 

02 

Ca(NO,). 

0.8 

KHjP0 4 

02 

FePO, 

0.1 

Hoagland (1940) 

e/s 

KNO, 

1.02 

Ca(NOj)j 

0.492 

NH,H,PO, 

0.23 

MgS0 4 . 7H } 0 

0.49 

mg/1 

HjBO, 

2.86 

MnCl,. 4H,0 

U1 

CuSO,. 5HjO 

0.08 

SnS0 4 . 7 lip 

0.22 

HjM 00 4 . Hp 

0.09 

FeSO,.7Hp 0.5% j 
Tartaric acid 0.4% J 

0.6 ml/1 3 x weekly 


Macroelements must generally be present 
in plant tissues in concentrations of at 
least one milligram per gram of dry mat¬ 
ter. Example: carbon, hydrogen, oxygen, 
nitrogen, phosphorus, sulphur, potas¬ 
sium, calcium, magnesium and iron, 
Microelements are needed in very small 
amounts. Manganese, copper, molybde¬ 
num, zinc, boron and chlorine have been 


established as essential microelements. 
Recent research has shown that a few 
other elements such as cobalt, vanadium, 
silicon and nickel may be essential forcer* 
tain plants. 

h is important to recognise that sodium 
and iodine, which are essential for ani¬ 
mals, are not needed by the majority of 
plants. 
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Sources of Essential Elements for Plants 
All elements incorporated into plants are 
ultimately derived from the ^atmosphere, 
water and soil (Table 28.2). Carbon enters 
"a plant as atmospheric carbon dioxide, 
while hydrogen is obtained mainly from 
water. Oxygen can come from the air, or 
from water and in the form of inorganic 
ions. 

Atmospheric nitrogen, which occurs in 
abundance, is inert and most plants are 
unable to use it. You have learnt of the 
atmospheric activities by which nitrogen 
combines with oxygen and is brought 
down by rain to the soil, 't here are also 
certain highly specialised organisms 


called NITROGEN fixers. These organ¬ 
isms, occurring in the soil, convert nitro¬ 
gen gas (N ( ) to anionic forms such as 
nitrate (NO') or nitrite (NO*) or a reduced 
cationic form such as ammonium (NH 4 '), 
These compounds enter plants as nutri¬ 
ents through the root and are assimilated 
as organic nitrogen. The plants, in turn, 
provide organic nitrogen to hcterotrophic 
organisms. All other inorganic elements 
needed by plants are absorbed from the 
soil which is ultimately derived from the 
parent rocks by weathering. Hence, 
these inorganic elements are called min¬ 
eral ELEMENTS. Non-rmneral elements 
include carbon, oxygen and hydrogen. 



Fig. 28.2 Symptoms of boron deficiency in cauliflower. Left Lesions in the pith of stem. Right, The HcudB 
(curd) and part of the root system have died. (Photo: V£G Gustav Fischer Vcriag, Jenq) j| 
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Nitrogen is unique as it is derived from 
both mineral and non-mineral sources. 

Functions of Inorganic Elements 

The inorganic elements required by 
higher plants and their role are listed in 
Table 28.2. The most important use of 
inorganic elements is in the synthesis of 
various chemical compounds essential for 
plant growth. For example, nitrogen is an 
essential component of all amino acids, 
proteins, nucleic acids, chlorophyll, aux¬ 
ins, cytokmins and vitamins. Calcuim 
is a constituent of calcium pectate of the 
middle lamella which binds adjacent cells 
to each other. Some enzymes are also acti¬ 
vated by mineral elements. Magnesium is 
an essential part of the chlorophyll mole¬ 
cule. It also activates certain enzymes. 
Sulphur is a constituent of some essential 
amino acids (methionine and cysteine) 
and some proteins, phosphorus is a con¬ 
stituent of many important organic com¬ 
pounds such as ATP, NAD, MADP,DNA, 
RNA and phsophorylated sugars and 
lipids. „ 

The second major role of mineral ele¬ 
ments such as calcium, magnesium, man¬ 
ganese, chlorine, sodium and potassium is 
to serve as cgfactors of enzymes^ Among 
these potassium is most effective. Over 40 
enzymes depend on potassium for opti¬ 
mum activity. Potassium is also involved 
in the tran slocation of organic substances 

in thpphloem. "" .. 

' Minerals also play several other roles in 
plants. They iqfluee.ee jhe absorption of 
water b y cells and affect the degree oFper- 
meability of cell memb ranes?For exam- 
; ^sodiul^increasermeSftratie permea- 
; bility whereas calcium decreases it. 

Symptoms of Mineral Deficiency In Plants 
When plants lack the required quantities 


of one or more essential elements, they 
show poor growth and develop specific 
DEFICIENCY SYMPTOMS. These have been 
called ‘hunger signs* by plant scientists. In 
a cultivated field or an orchard, these 
symptoms can be used to detect the type 
of mineral deficiency and take appropri¬ 
ate ameliorative measures. Certain plants 
which rapidly develop characteristic defi¬ 
ciency symptoms for particular elements 
can be used as indicator plants for testing 
the soils. The most common and striking 
types of mineral deficiency symptoms 
include stunted growth, chlorosis (yel¬ 
lowing ofleaves in various distinctive pat¬ 
terns) , dieback of shoots, (death of shoot 
meristems), death of tissues (necrosis) 
(Fig. 28.2) and poor reproductive devel¬ 
opment. Excessive amounts of essential 
elements are toxic to plants and may 
induce characteristic symptoms which 
may lead to their detection. 

Uptake of Mineral Nutrients 

Roots take in some mineral nutrients 
selectively, including some which may not 
be essential for them. Thus the ash analy¬ 
sis of a plant does not always indicate 
what elements are essential. The process 
of intake of nutrients from the soil is 
called absorption. Plants absorb miner¬ 
als from the soil through the root by two 
ways: (i) passive absorption and (ii) active 
absorption. 

i 

Passive Absorption 

In most cases, the movement of mineral 
ions into the root occurs by diffusion. 
You may recall that diffusion has been 
discussed in Chapter 8. Molecules or ions 
diffbse from a region of their higher con¬ 
centration to a region of their lower con¬ 
centration, As these substances diffuse, 
they exert a pressure called diffusion 
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PRESSURE. The movement of mineral ions 
into root cells as a result of diffusion is 
called passive absorption. 

Active Absorption 

The uptake of mineral ions against con¬ 
centration gradient is called active 
absorption. As you have studied earlier, 
such movement of minerals requires an 
expenditure of energy by the absorbing 
cells. This energy is derived from respira¬ 
tion and is supplied through ATP. When 
the roots are deprived of oxygen, they 
show a sudden drop in active absorption 
of minerals.The mineral ions accumu¬ 
lated in the root hairs pass into the cortex 
and finally reach the xylem. The minerals 
in the xylem are then carried along with 
water to other parts of the plant along the 
transpiration stream. Mineral elements 
brought to the leaves are subsequently 
assimilated into organic molecules and 
are redistributed to other pans of the 
plant through the phloem. 

Nitrogen Nutrition in Plants 

Atmosphere is the ultimate source of 
nitrogen. Nitrogen is a highly inert gas, It 
cannot be used directly but has to be fixed 
i.e. combined with C, H, N, O to form 
compounds. As already explained, higher 
plants utilise nitrogen in the oxidised 
forms such as nitrate (NO,') and nitrite 
(NO",) or in the reduced form (NH <) 
made available to plants by the nitrogen 
fixers. The best known nitrogen-fixing 
symbiotic bacterium is Rhizobium. This 
bacterium liygsin aoil to /orm root nod¬ 
ules in plants belonging to the family 
Leguminosae siich as beans, gram, 
groundnut and soybean, Root nodules are 
little outgrowths ori roots. When a section 
of the root nodule is examined, it appears 

1 -f n ninmant 


called leghemoglobin. This pigment is 
closely related to hemoglobin, the red 
pigment cf human blood. Like hemoglo¬ 
bin, leghemoglobin is an oxygen scav¬ 
enger. The enzyme that catalyses the 
fixation of nitrogen (nitrogenase) func¬ 
tions under anaerobic conditions. 
Leghemoglobin combines with oxygen 
and protects nitrogenase . 

Free living microorganisms such as the 
cynobacteria and photosynthetic bacteria 
can also fix nitrogen. Some cyanobacteria 
also have symbiotic association with 
plants. They are found in lichens, 
Anthoceros (a liverwort), fronds of Azolla 
(a water fern) and roots of Cycas (a 
gymnosperm). 

Process of Biological Nitrogen Fixation 

In the process of biological nitrogen fixa¬ 
tion, the dinitrogen molecule is progres¬ 
sively reduced by the addition of pairs of 
hydrogen atoms (Fig. 28.3). Finally, the 
three bonds between the two nitrogen 
atoms are cleaved and ammonia is 
formed. These reactions occur only in the 
presence of a single enzyme called 
NITROGENASE (Fig. 28.3). The process of 
nitrogen fixation requires a strong reduc¬ 
ing agent and ATP to transfer hydrogen 
atoms to dinitrogen. Depending on the 
type of nitrogen fixer, either respiration or 
photosynthetic metabolism may provide 
the necessary ATP and the reducing agent. 
Ammonia formed in the process of biolog¬ 
ical nitrogen fixation is subsequently used 
for the synthesis of amino acids. These 
amino acids may be transported through 
phloem to other parts of the plant where 
they are needed. 

The free-living nitrogen fixers (refer to 
chapter 22) convert nitrogen gas into • 
ammonia (NHj) or ammonium ions in the 
e/v'I Ammnmji is toxic to DlantS but j 
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Molecular nitrogen 


Ammonia 



Nitrogenase enzyme 


Niirogenase enzyme 


in the presence of 


are more adapted to absorb nitrate (NO") nitrsS f 01 ” 0Xldatl0n of ammonia or 

than ammonium ions (NHt) from the soil organic fwd* ° f 0WD 

as a source of nitroeen in K I00a - 

Nitrate Assimilation in Plants 
The process of nitrate reduction to ammo- 
—iu muaie, oou bacteria such ac * wo steps mediated 

Hitrosomonas and Nitrosococcus which isVeducS?? ,fic ® n . zy ® es * First ^nitrate 
m soil are capable of converting 

ammonia to nitrite (NOtI inn<! This enzyme is a 

/Wtmhflcter oxidises nitrite to n^lte This' The°S“ > nd C ° ntainS mol J' bdenum ' 
^-.oL-COMecting ammoda imo 

nitrat^ a form of nitrogen more avriSbL Ri^~feaSm^JelMX&ITE 
L° u . ?! ants i _ “ _ palled ■ MTHFiCA-xiotS ISrSn ls ^ ra °st direct 

The nitrifying bacteria are ° U ri ™ eS ^ r nitrite reductit > n 

are and hence it occurs specifically in leaves. 


V “uin me soil 
as a source of nitrogen. In such a case 
where do the nitrate ions in the soil come 
irom? Here again, plants depend upon 
specific soil bacteria which convert 
ammonia to nitrate. Soil bacteria such as 

iVzrrn.cnm/itortA \r>, 
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Therefore, nitrite ions formed in other 
parts of the plant are transported to leaves 
and further reduced to ammonia. Nitrite 
reductase d oes not r equire molybdenum 
but may contain copper and iron. 

Application of Fertilisers 
Soils normally contain sufficient quanti¬ 
ties of essential minerals. However, three 
important elements need to be replen¬ 
ished in crop fields as they are depleted by 
repeated cultivation. These fertiliser ele¬ 
ments are nitrogen, phosphorus and 
potassium — abbreviated as £IPK. The 
common sources of these elements used in 


India are: nitrate of soda, ammonium sul¬ 
phate, ammonium nitrate, ammonium 
chloride, urea, calcium ammonium 
nitrate, superphosphate, bonemeal, rock 
phosphate and calcium magnesium phos¬ 
phate. The NPK fertilisers comprise 
nitrophosphate with potash in varying 
proportions. Bags of fertilisers arelabelled 
17-18-9 or 15-15-15 or other combina¬ 
tions. These numbers refer to the percent¬ 
age by weight of nitrogen, phosphorus and 
water soluble potassium. The dosages 
vary according to the crop, soil, season 
and other climatic conditions. 


SUMMARY 


Plants derive inorganic nutrients from soil, water and atmosphere. Some green 
plants supplement their nutritional requirement by parasitic and insectivorous 
habit. A few plants are totally parasitic on other green plants for all their require¬ 
ments. Although plants may absorb a wide range of inorganic elements, only a few arc 
essential for their normal growth and reproduction. Plants require some essential ele¬ 
ments in higher quantities (macroelements) and others in lower amounts (microele¬ 
ments). Some essential elements form structural components and others participate 
in biochemical reactions and serve as cofactors for several enzymes. NPK arc the 
three main mineral dements supplied to crops as chemical fertilisers. Deficiency or 
absence of an essential element leads to reduction in growth, chlorosis, necrosis and 
other characteristic symptoms. The essential elements enter a plant from the soil 
through the root by active or passive absorption. The absorbed elements are then 
transported from the root to other parts of the plant through the xylem. 

Atmospheric nitrogen is inert and cannot be used directly by plants. The conver¬ 
sion of atmospheric nitrogen to usable nitrogen compounds is processed primarily by 
certain nitrogen fixing bacteria and cyanobacteria. Some of these are free-living in 
the soil and others such as Rhizobium are associated symbioticaUy with the roots of 
higher plants. In nitrogen fixation the dinitrogen of the atmosphere is reduced to 
ammonia with the help of enzyme nitrogenase. This process requires a strong reduc¬ 
ing agent and ATP. Ammonia is the main product of biological nitrogen fixation, in 
the soil and is usually converted to nitrates by another group of bacteria. Nitrate is 
v absorbed by plants, with the help of two enzymes — nitrate reductase and nitrite 
reductase — and is reduced to ammonia. Ammonium ion is subsequently incorpo¬ 
rated into the amino adds and other nitrogenous compounds in the plant 

Fertilisers are chemical compounds used to replenish minerals in crop fields. The 
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QUESTIONS 


1. Tick {V) the correct answers in each of the following; 

(a) The mineral constituent of the cell wall is 

(i) iron 

(ii) magnesium 

(iii) potassium 

(iv) calcuim 

(b) Active uptake of minerals by roots mainly depends on the 

(i) availability of oxygen 

(ii) light 

(iii) temperature 

(iv) availability of carbon dioxide 

(c) In nitrogen fixation 

(i) plants convert atmospherr nitrogen to nitrates 

(ii) plants absorb ammonia from the soil 

(iii) the bacteria are all housed in nodules on the plant's roots. 

(iv) the enzyme nitrogenase produces ammonia from gaseous nitrogen. 

2. Match the words in Column I with the phrases m Column II 


Column I 

a. Magnesium 

b. Sulphur 

c. Calcium 

d. Iodine 

e. Manganese 


Column II 

i, found in middle lamella 
si. # structural component of 
chlorophyll 

iii, required for enzyme activity 

iv, found in some amino acids 

v, a component of sugars 

vi, not important for plants 


3. Which arc the two macronutrients that usually ptay the most important role in 
limiting plant growth globally? 

4. If you grow a potted plant that initially weighed 20Qg and eventually weighed 50 
kg, would you expect the soil in the pot to change weight? Explain, 

5. How would you determine whether or not a particular element is essential for 
plants? 

6. Write explanatory notes on (a) Micronutrients, (b) Biological nitrogen fixation, 
(c) Insectivorous plants. 

7. List the macronutrients and mention their major function, 

8. What are the indications for mineral deficiency in plants? 



CHAPTER 29 


PHOTOSYNTHESIS 



Photosynthesis literally means ‘synthe¬ 
sis with the help of light’. Photosynthesis 
is the only process on earth by which solar 
energy is trapped by auto trophi c organ¬ 
isms and converted intoTood for the rest 
of the organisms. About 170 million 
tonnes of dry matter are produced by this 
process annually, 90% of it in the oceans. 
No other chemical process on earth can 
match this output. Curiously, only 0.2% 
of the light energy incident on earth is 
utilised by photosynthetic organisms, yet 
this amount of trapped energy meets 
the food requirement of all other 
heterotrophs. In addition, people use 
plants for fodder, firewood, timber, fibres 
and many other purposes. Fossil fuels 
such as coal, petroleum and natural gas 
are also products of photosynthetic organ¬ 
isms which lived millions of years ago. 
Importantly, photosynthesis is the o nly 
na tural process by which oxygealslib er- 
ated for use by other organismi, 


MAGNITUDE OF 
PHOTOSYNTHESIS 

The atmosphere contains only about 
0.03% carbon dioxide by volume. But 
this small percentage represents about 
2200 billion tonnes of it. This amount 
of carbon dioxide is sufficient to sup¬ 
port photosynthesis for a few hundred 
yearn even if no further amount is 
added. The oceans of the earth con¬ 
tain over 60 times the amount of 
atmospheric carbon dioxide in the 
form of dissolved gas or carbonates. 
From these two sources about 70 bil¬ 
lion tonnes of carbon are fixed annu¬ 
ally by photosynthesis. 

iihii MImhiii tUMMOl I Mi ... m 

Chloroplast— the Site of Photosynthesis 

and leaves are the main site of photosyn¬ 
thesis (Fig 29.1). There may be over half a 
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Fig, 29,1 The site of photosynthesis in plants. 

A. Leaf is the major organ of photosynthesis in plants; B. Diagrammatic view of a section ofleaf 
showing palisade cells C, which arc rich in chloroplasts; D, Chloroplasts are enveloped by double 
membrane enclosing siroma, in which grana are present. The grana contain pigments such is 
chlorophyll. 
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million chloroplasts per square millime¬ 
tres of leaf surface. Chloroplasts occur 
mainly in the mesophyll cells of leaves. 
These cells obtain carbon dioxide needed 
by them through the stomata. Water 
reaches them through the veins. Typical 
Qhloroplasts from higher plants are dis¬ 
coid or lens-shaped. You have learnt in 
chapter 9 that a chjoroplast is an organelle 
with an outer envelope consisting of a 
dHuBle'membrane.'Stacks of thylakoids 
(grana) are located inlhie stroma and are 
connected by stroma lamellae. All the pig¬ 
ments" are located in the thylakoid mem¬ 
branes. A pigment is a molecule that 
absorbs ligfifoF a" specific wavelength in 
the visible region. The chloroplast pig¬ 
ments are fat soluble and are located in the 
lipid part of the membrane. Along with, 
s ome enzy mes they participated the con¬ 
version of solar energy into ATP and 
NADPH. The stroma contains enzymes 
which are capable of utilising ATP and 
NADPH to p roduce carbohydrates. 

Cyanobacteria and other photosyn¬ 
thetic bacteria do not have chloroplasts. 
However, their photosynthetic pigments 
are located on membranes. Their pig¬ 
ments are also different from those of 
other eucaryotes. 

The Chloroplast Pigments 

Higher plants contain two predominant 
types of chlorophylls — chlorophyll a and 
chlorophyll b . The basic molecule consists 
o ftwo parts (Fig 29.2): (i) ^cqmplex ring 
structure of alternating single and dou- 
bg bonds; the PORPHYRIN RING. It has 
magnesium a! its centre. The porphyrin 
ring has severaTside groups which alter 
the properties of the pigment. Chlorophyll 
a and b differ in the nature of groups 
attached to position X. C hloroph yll a has 
a methyl grou p (-—CH,) while chloro- 
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Fit. 29.1 Structure of chlorophyll a and b. The 
chlorophyll molecule consists of a mag* 
nesium core held in the centre of a por¬ 
phyrin ring. Attached to the ring is phy- 
tol, a long, lipid-soluble carbon chain. 
Chlorophyll a—0* replaced by (CH 3 ) 
and chlorophyll 6 —© » — CHO group. 
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nhyll b has an aldehyde group {—CHO) 
wd (ii) a lengthy hydrocarbon tail 
attached to "the"porphyrin group, called 
tReffiYTOL. ’ 

—KflosTplants contain two or three times 
more chlorophyll a than chlorophyll b. 


Chlorophylls absorb light near both ends 
of the visible spectrum (Fig 29.3)— the 
blue and red light—and transmit or reflect 
green light. This is wh y ehlnmphyll 
appears_gre^o_c^ 


Activity1: Grind some soft, green, non-nuieilagmous leaves with acetone. 
Chlorophyll is soluble in this solvent. Filter out the coloured solution and 
observe the solution as shown in I ; ig, 29.4. When you observe the solution 
againsttransmitted light, that is, with the solution between you and the light 
source, it appears green. However, if you see the solution with the light 
behind you, that is, in reflected light, the solution appears red. ‘I he phenom¬ 
enon is called M UORESCENCE. I he photons absorbed by the molecule lose 
some of their energy and are given out as red photons. 



Fig, 29,4 The phenomenon of fluorescence. Absorption of light or photon causes a transition 
of the chlorophyll molecule from its ground state to us excited state in extracted 
chlorophyll solution and it immediately drops back to the ground state within 10” 9 
seconds. 

All photosynthetic organisms have other pigments that absorb light 
between the red and blue region of the spectrum. In higher plants, these are 
mainly carotenoids. These are yellowish to orange pigments and absorb pri¬ 
marily IntKevfoTet to blue regions of the spectrum, One function of these 
pigments is to absorb light energy and transfer it to chlorophyll for use in 
photosynthesis. Their main function is to protect the chlorophyll molecule 
from photooxidation. You can extract the chloroplast pigments and separate 
them by paper chromatography. 



Activity 2: In Activity 1, you had already 
extracted chlorophyll from leaves. Con¬ 
centrate this solution by evaporation. 
Apply a tiny drop to one end (2 cm from 
edge) of a strip of chromatographic paper, 
and allow it to dry thoroughly. Hang the 
strip in ajar containing a mixture of petro¬ 
leum ether (40-60 Q C) and acetone in the 
proportion 9:1, with its end dipping in the 
solvent (Fig. 29.5). Close the jar tightly 
and observe after one hour. The photosyn¬ 
thetic pigments would have separated into 
distinct green and yellow bands of chloro¬ 
phylls and carotenoids respectively. 
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Fig. 29.5 Paper chromatoaraohv nfW 
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Absorption and Action Spectra 
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When the amount of light absorbed by a 
pigment isplotted as a function of wave¬ 
length, you will obtain what is termed 
theAlsORPTlON SPECTRUM. The absorp¬ 
tion spectrum of the photosynthetic pig¬ 
ments is shown in Fig 29.3, If the actual 
rate of photosynthesis in tgrins of oxygen 
evo lution or carbon dioxide utilisation is 
measured as a. function of wavelength, 
thfl action s p ectrum of photosynthesis 
(Fig 29.3) can be obtained. Chlorophylls 
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of the visible spectrum (I*ig. 29.3). I he 
main function of these pigments is to 
absorb light energy and then transfer it to 
chlorophyll for use m photosynthesis. 

Mechanism of Photosynthesis 

Ihc process of photosynthesis as we 
understand today is vastly different 
from what was thought some centuries 
ago. Ancient philosophers thought that 
plants derived their nutrition from the 
soil (also sec Box). It was only in the iRth 


NATURE OF IKiltT 

Light is_a form of energy and it appears to travel as a stream of tiny particles 
called photons. The energy contained m an individual photon is referred to 
as a qua ntum. Light is also described as having a wave nature, with different 
colours resulting from different wavelengths (F‘ig 29.3). Light is one part of 
electromagnetic radiation. Other parts are cosmic rays, gamma rays, X-rays, 
ultraviolet radiation, infra-Fed radiation and radio waves. These are listed in 
order of increasing wave length and decreasing energy per quantum. Most of 
us can see electromagnetic radiation with wavelengths ranging from 400 nm 
(4XlO'^cm) to 700 nm and this part of the spectrum is called the visible 
light. Different colours related to wavelengths of the visible light are shown 
in Fig 29.3. Visible light in the electromagnetic spectrum lies between wave¬ 
lengths of ultraviolet and infra-red. 


absorb light near both ends of visible spec¬ 
trum, However, all photosymhetic organ¬ 
isms possess some other pigments that 
absorb light between the blue and red 
region of the spectrum. In higher plants 
these pigments include caroten oids. 
These are yellowish to orangeTnSWour 
and absorb primarily violet and blue light 


century that the importance of air and 
light for nourishment of plants was 
recognised. Subsequently it was estab¬ 
lished that water and carbon dioxide are 
necessary for photosynthesis and that oxy¬ 
gen is evolved during the process. By the 
mid 19th century the process of photosyn¬ 
thesis was summarised as; 



COj+HjO 


sunlight 
- st ■- > 

green plants 


organic matter +Oj 
(starch) 
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LANDMARKS IN STUMPS DN 11IOH WVTHl'MS 
It is very interesting to study how the concept of the process of photosynthe¬ 
sis evolved. 

320B.C. ARISTOTLE and Theophrastus: These great philosophers 
thought plants absorb all materials, inorganic and organic, 
directly from the soil. 

ancient INDIANS : They believed that plants fed from their 
feet (the word Padnpa , meaning that which drinks from the 
feet, is used in Sanskrit for a plant). 

1648 van helmont : He grew a small willow twig, weighing 5 
pounds, in a barrel containing prc-weighcd, oven-dried soil. 
He watered it for five years with rain-water. The twig grew into 
a young tree which he carefully removed and weighed. It had 
gained 164 pounds and three ounces. He then rc-dricd the soil 
and weighed. It had only lost 2 ounces of the original weight. 
He, therefore, came to the conclusion that ALL vegetation IS 
ONLY WATER! 



Bam G«'«« Afiat 


1727 STEPHEN HALES recognised the importance of air and light in 
<dte^uK|hinsirt-fif plants. 

1772 _ Joseph pr iestly carried out some very interesting experi- 

mentsTHS put a burning candleia&dosfid glass-container. He 
found that the air inside the jar had changed and would not 
allow another candle to bum or a mouse to live in it. Now he 
placed a twig of mint in an inverted glass jar in a vessel of water 
and found to his surprise several days later that “ the air wou ld 
neither extinguish a candle nor was it all inconvenient-fomhe 
lBSuse whichwas t an into it? . He came to the conclusion that 
VE0 ?lAIlQNBISIBEg-raBAmJtfHICIiHAD BEEN INJURED BY 
burning of candles. He called the air produced by burning 
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of candle as PHLOGISTON which is noxious for a mouse and- , 
said that plants convert it into dephlogtsiqn. 

1779 jAN'rNpEN^oiMiiscovered the role of light and gieen.parts 
offfilf plants in purifying,noxious ah'; 

1783 UvdISM identified the purifying principle produced by 
green plants in sunlight as oxygen (dephlogiston) and the nox¬ 
ious air produced by thelbura lng of c andle as carboh'dloxide" 

• ( phlo g i ston)',"" " . - . 

1782 senebier showed that as the concentratiOilpfjCOj is increased 

tVlA fat* rtf rtvtinan MiAtittiAM - w- - 
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1845 

1845 

1862 

1888 

1905 

1920 

1932 

4937 

1941 

1954 

1954 

1965 

1985 


von Mayi.r recognised that green plants concert solar energy 
into the chemical energy of organic matter, 
sunlight 

CO, 111,0 - ~ * organic matter - O. 

} 1 green plants 


LiEBin pointed out that the organic matter was derived from 
CO, and water was used in photosynthesis, 
j sacks, raported that the product of photosynthesis was 

JUafitiuL 

ENCFLMann plotted the action spectrum of photosynthesis. 
BUCKMANK enunciated the taw of limiting fjtcJfijrs. 

"Marburg introduced the uriiccllular green alga CMorella as a 
suitable material to study photosynthesis 
EMERSON AND Arnold carried out the flashing light experi- 
' mem and showed jhg pjaiftocc tig 1 " 4 ftd d &fcHEMMUft PS 
hill demonstrate d photolysis of wa mhv.isolated chloroplasts 
in the presence of suitable electron acceptor. 

RUBEN AND K AMEN usfidLPilto show that m photosynthesis 
oxygen comes from water. 

ARNON, ALLEN AND WHATLEY UStd '‘COj to Show fixation of 
^ CO, by isolated chloroplasts. 

Calvin traced the path of carbon in photosynthesis and gave 
theC, cycle f«ow named after him). He was awarded the Nobel 
Pnfcfcin i960. 

hatch and SLACK reported the C t pathway for CO, fixation in 
certain tropical grasses. 

HUBER, michfl and DJSSENHOFF.R crystallised the photosyn¬ 
thetic reaction centre of bacterium. -^hfiHijiwfiier.l'hey , 
analysed its structure by X-ray diffraction* technique. The 
Nobbl Prize in Chemistry for 1988‘was awarded to them for 
this work. 


At the beginning of this century scien¬ 
tists observed that the rate of photosyn¬ 
thesis increased linearly at low light inten¬ 
sities and reached saturation at higher 
intensities. This led them to propose that 
photosynthesis not only involved reac¬ 
tions that occur in light but also others 
that are independent of light. This was 
later proved by other scientists by subject¬ 
ing the unicellular alga Chlorella to either 
brief flashes of light or continued light at 
saturating intensities and observing oxy- 
fcen evolution. The extent of ohotowntRo 


sis per unit of light energy received was 
higher when light and dark periods were 
alternated, thus verifying the hypothesis 
that the process of photosynthesis could 
be divided into light and dark reac¬ 
tions. This may be likened to a goods 
train with loaded wagons. The faster the 
wagons are unloaded on reaching destina¬ 
tion, the quicker they become available 
for further haulage. The unloading of the 
wagons thus becomes the rate limiting 
step in the transport of Roods. Another 
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that the oxygen evolved during photosyn¬ 
thesis came from water and not from car¬ 
bon dioxide. The early model of photo¬ 
synthesis presumed that carbon dioxide 
was split into carbon and oxygen and that 
carbon combined with water to form sug¬ 
ars. The oxygen evolved came from car¬ 
bon 'dioxide. 

6COj+ 611,0 —» C.H.,0,+60, 

However, in 1931, a graduate student, 
Van Niel by name, observed that a certain 
type of photosynthetic bacteria fixed car¬ 
bon dioxide in the presence of hydrogen 
sulphide. No oxygen was evolved. Instead 
globules of sulphur were formed as a waste 
product. He concluded that during bacter¬ 
ial photosynthesis carbon dioxide was not 
split, rather hydrogen sulphide was bro¬ 
ken down, the hydrogen reduced carbon 
dioxide and sulphur was left behind. 

6C0,+ 12H,S —*C 4 H u O.+611,0+ 12S 

This led Van Niel to hypothesise that 


all photosynthetic organisms require a 
source of hydrogen. In plants this source 
was water, and the oxygen was evolved by 
the splitting of water. 

Nearly 10 years later, this hypothesis 
could be proved by scientists using water, 
labelled with '"0 (a stable isotope of oxy¬ 
gen), i.c Ilj^O. The oxygen evolved con¬ 
tained IR 0, thereby proving Van Nicl’s 
hypothesis that the oxygen evolved in 
photosynthesis comes from water. Ihis 
led to the currently accepted general 
equation. 

6CO. + 121I, "0 C t lI 1J 0 (l + 6H I 0 

+6 IR 0 } 

About the same time, it was also demon¬ 
strated that isolated chloroplasts in the 
absence of carbon dioxide would evolve 
oxygen when they are illuminated in the 
presence of a suitable electron acceptor 
such as ferricyamde. This is called hill 
RE ACTION after its discoverer Robin Hill 
(*see Box for details and Fig.29.6) 


HILL REACTION 

In 1937, r. hill demonstrated that isolated chloroplasts evolved oxygen 
when they were illuminated in the presence of a suitable electron 
acceptor, such as ferricyanide.. The ferricyanide is reduced to ferrocyanide 
by photolysis of water-. This reaction, now referred to as the HU L reaction, 
accounts for the use of water as a source of electrons for carbon dioxide 
fixation and the elimination of oxygen as a by-product during 
photosynthesis. 

Hill reaction can be easily demonstrated in the classroom by using a col¬ 
oured dye like di chlo rophenol indophenol (DCPiP) which is blue in the 
oxidised state and colourless in the reduced state. When photolysis of water 
occurs by isolated chloroplasts the oxidised coloured dye (blue) will become 
colourless. This test indicates that photosynthesis is the light activated trans¬ 
fer of an electron from one substance to another involving oxidation 
(H,0 —> O,) of one and reduction of the other (oxidised DCPIP to the 
reduced state). 
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capacity of NADPH and the energy of 
ATP are utilised in the conversion of car¬ 
bon dioxide to carbohydrates. We shall 
now discuss the salient points of these two 
reactions. 

Light Reaction 

The crucial question in the light reaction 
is: how to harvest the maximum amount 
of solar energy for conversion into chemi¬ 
cal energy? You already know that the 
photosynthetic pigments are located in 
the thylakoid membranes. Situated in 
these membranes are clusters of chloro¬ 
phyll and accessory pigments along with 
special types of chlorophyll molecule P Mn 
and P Jon . (The letter P stands for pigment 
and the figures for the wave length of 1 ight 
at which these molecules absorb). and 

P^tnolecules form the REACTION CEN-” 
TRES or P HOTOCENTRES. The accessory 
pigments and other chlorophyll molecules 
harvest solar energy and pass it on to the 
reaction centres. The energy trapped by a 
single chlorophyll molecule is not enough 
to start the first chemical reactions that 
would occur in light. Chlorophyll and 
accessory pigments help capture light over 
a larger area and pass it on to the 
photocentres. Thus a photon absorbed 
anywhere in the harvesting zone of a P 6M 
centre can pass its energy to the P^ mole¬ 
cule. The cluster of pigment molecules 
which transfer their energy to P Ml) absorb 
at or below the wavelength of 680 nm. 
Together with P^ they form the 
PHOTOSYSTEM n or PS u . Similarly, P 7m 
forms photosystem I or PS I along with 
pigment molecules which absorb at or 
below 700 nm (Fig 29.7). When the P 6tfl 
acquires a sufficient quantum of energy, it 
emits an electron. This electron with high 
potential energy moves down an electron 


ATP is formed. The electron lost from P 
is ultimately accepted by P, m which trans¬ 
fers it to ferredoxin (an iron-containing 
protein). In turn ferredoxin transfers the 
electron to NADP to generate NADPH. 
You have already learnt in Chapter 10 
how the electron transport chain operates 
in respiration. 

In photosynthesis also, basically the 
same types of oxidation-reduction occur, 
but the members in the chain are differ¬ 
ent. The electron transport chains of pho¬ 
tosynthesis involving the two 
photosystems are shown in Fig 29.7. The 
electron emitted by P wn is ultimately 
trapped by P ?m . The oxidised l? m regains 
its electron by the photolysis of water into 
211 , 2e' and oxygen. Oxygen is given out 
by photosynthesising plants. The protons 
(11 + ) accumulate inside the thylakoid 
membrane resulting in a proton gradi- 
ENT. The energy released by the protons 
when they diffuse across the thylakoid 
membrane into the stroma (along the H + 
concentration gradient) is used to produce 
ATP, This is similar to the production of 
ATP by the F^-F, particles of the mito¬ 
chondria. The electron emitted from the 
Pro, is ultimately passed on to NADP(nic- 
otinamide dinucleotide phosphate) along 
with the protons generated by the splitting 
of water. This results in the formation of 
NADPH. As synthesis of ATP occurs in 
light and the process is not cyclic (that is, 
it needs a constant supply of water mole¬ 
cules to be oxidised and NADP to be 
reduced), the process is called Non-cyclic 
phqtop hos phorylatiqn. 

"The non-cyclic photophosphorylation 
is not the only mechanism for generating 
ATP during light reactio n. A second elec- 
tton transfer - mechanism occurs, starting 
with the ultimate acceptor of thg^ 
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process is a cyclic one (Fig.29.8). It gene- cyclic photophosphorylation. The 
rates ATP and is, therefore, known as ATP and NADPH generated in the light 



Fig. 29.7 Non-cyclic photophosphorylation. When both photosystenis are illuminated, there is a continu¬ 
ous current of electrons flowing from water to NAD?+. Electrons from Pggo are replaced by elec¬ 
trons removed from water by splitting of water that evolves oxygen. The excited electron from 
P680 hows down an electron transport chain to P 7 QQ(PQ-plastoquinone, cytochrome complex, 
PC-plastocyanin) generating ATP. Illumination of PSI boosts electrons to high energy state which ’ 
arc pas sed to NADP+reducing it to NADPH (protons from H 2 O). Thenet products of non-cyclic j; 
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reaction are used in the dark reaction to Dark Reaction 

reduce carbon dioxide to carbohydrate, a Carbon fixation occurs in the stroma by a 
process called CARBON FIXATION. series of enzyme-catalysed steps. In this 



Fig. 29.8 Cyclic phoiophosphorylauon. When the photons activate Photosystem I, a pair of electrons are 
raised to a higher energy level. They are captured by the primary acceptor, which passe* them on 
to Ferredoxin (Fd), plastoqutnone (PQ). cytochrome complex, plastocytnin (PC) and finally back 
to chlorophyll P 70 Q. The process is cyclic. At each step of electron transfer, the electrons lose 
potential energy. Their tnp downhill is used by the transport chain to pump H + across the 
-tv. —friooMtt ATP jnmthesii. 
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process, three molecules of carbon diox¬ 
ide areattached to three molecules of ribu- 
lose 1,5 bisphosphate {RuBP), which is a 
5-carbon sugar (pentose) with two phos¬ 
phate groups attached to it. It was for¬ 
merly termed ribulose diphosphate 
(RuDP). The discovery that a pentose 
phosphate was the acceptor of carbon 
dioxide was a major breakthrough in 
the study of the dark reactions of 
photosynthesis. 

The whole dark reaction i.e. the path of 
carbon was worked out by an American, 
scientist Melvin Calvin in 1954. The 
experimental strategy was to use radioac¬ 
tive M C (which has a half-life of nearly 
5200 years) to trace the fate of carbon 
dioxide. Radioactive ,4 CO, was injected 
into an illuminated suspension of Chlo- 
rella cells that had been carrying out pho¬ 
tosynthesis with normal carbon dioxide. 
The alga was killed after different inter¬ 
vals of time (in seconds) by dropping the 
suspension into hot methanol, which also 
stopped all enzymatic reactions. The 
radioactive compounds in the alga were 
separated by two dimensional paper chro¬ 
matography. The paper chromatogram 
was then pressed against an X-ray film, 
which showed spots wherever the radioac¬ 
tive compounds were present. The com- 
poundsjwereidentified later by Compar¬ 
ing therate o^movemeato Tthe standard 
c hemicals. T hiilechnique is called AUTO^ 
RAQIQQRaphy, Calvin cycle can be 
divided into three distinct phases (Fig. 
29.9); (i) carboxylation, (ii) glycolytic 
reversal and (iii) regeneration of RuBP. It 
takes six turns of the Calvin cycle to gener¬ 
ate one molecule of hexose. 


Phase l- -Car boxylatinn 
'I hreVmoTccules of RuBP react with three 
molecules of carbon dioxide to produce 
short-lived six-carbon intermediates. This 
process is called caRHOXYIation and 
involves the enzyme RuBP carboxylase or 
'Rubisco'. 1 he 6-carbon intermediates are 1 
immediately broken down into six mole, 
cules of 3-phosphoglyeeric acid (PGA), a 
3-carbon compound. Rubisco is a large 
protein molecule. It comprises 16% of the 
chbroplast protein and is the most abun¬ 
dant protein on earth. 

Phase 2-— Glycolytic Reversal 

Six mofeculcs of PGA form 1,3- 
diphosphoglyceric acid utilising six ATP 
molecules. These in turn get converted to 
glyceraldehyde phosphate utilising six ! 
NADPl I supplied by the light reactions of 
photosynthesis. Indeed, these steps are 
essentially a reversal of glycolysis. How¬ 
ever, the reducing power is obtained from 
NADPH, rather than NADP. 

Phase 3~Regeneratio nof RuB P 

For the Calvin cycle to run continuously, 
there must be a regular supply of ATP and 
NADPH and also sufficient amount of 
RuBP which accepts carbon dioxide. A 
complex series of reactions utilising five 
moeicules of phosphoglyceraldehyde and 
three molecules of ATP result in the 
regeneration of RuBP (see Box). As men¬ 
tion earlier, six turns of the cycle result in 
the production of one molecule of glucose, 
This glucose is used by the plant to form a 
large variety of organic compounds 
required for its structure and function. 
The dark reaction may be summed up as: 


6RuBP+6COj+ 12ATP+12NADPH—>6RuBP4-C 4 H u 0 4 + 12ADP+ 1?P -*-i owatmj rf 



3 molKulK ft! 



Gtucosd and olhar sugars 


Ffg. 295 The Calvin cycle. For every three molecules of COj that enter ibe cycle, the net output is one mole* 
cule orglyceraldehyde phosphate, a three-carbon sugar. To fix the three CO 2 molecules, the cycle 
, spends nine molecules of ATP and six molecules of NADPH, 



1 hus the Calvin cycle regenerates A OP 
and NADP required fur the I ight rear, turn 
You would recall that the overall rate of 
photosynthesis is higher per unit of light 
energy received in flashes than continu¬ 
ously. The reason for this is that in Hash¬ 
ing light A'l P and NADP are regenerated 
for use in light reaction. However, in 


continuous light the dark reactions ate 
slow and they do not regenerate sufficient 
ADP and N ADP to utilise additional light 
energy fhus the dark reaction of photo, 
synthesis ;s the RAIL IIMniNG step 
hecause it is the slower of the Uvoreac' 
tions, ami dcteimines the rate o( 
photosynthesis. 


Df iiriivi si \R( htmh m; ;>\rk »tt m tkins 
In the I94l)s a big question >n photosynthesiv w.js . What is the reaction (s) I 
through which atmospheric curium diovde becomes a pad of carbohydrate? 
Melvin Calvin and his ov workvis in C .shUunia 1 ISA attai ktV this problem. 

I hey asked a more specific quo turn \\ hat o. rite fust teat turn in which car¬ 
bon dioxide is a reactant '! It was important in Metal the to st product into 
which carbon atom of carbon dioxide ;s mmrporated Pin thcr, it was neces¬ 
sary to trace the path of this carbon through the v.u <t»us inter mediate com¬ 
pounds in the dark reactions. 1 Ins is a classit al example ol i he application of 
the scientific method 1'alvin and vn-workers approached the following pro¬ 
cedure : They fed "f()_ io i'hlunlln only lor \ semmN so that "C does not 
get enough time to move to another compound thmugh the set ond reaction. 
They killed the cells immediately in boding methanol. All the compounds in 
the algal extract were separated by chromatography, identified chemically 
and tested for radioactivity. Almost all the radronciiv tty was detected in one 
compound PGA, the first stable compound of photosynthesis 
PGA is a compound with three raibon atoms: 

, 0)011 

i 

CHOI I 0 

'l l 

.cap - p - oh 

i 

0 


These carbons are marked as C1.C2 and C3. Which of these carbon atoms 
belongs to carbon dioxide? The strategy to find this out is to separate out the 
C1»C2 and C3 from PGA and then examine which of these carbon atoms is 
radioactive. Calvin and co-workers observed that when the algal cells were 
fed with radioactive carbon dioxide for very short time (3 seconds), onlyci 
was radioactive. They concluded that Cl comes from carbon dioxide. 
Where do C2 and O come from ? They must be coming from some other 
compound that reacts with carbon dioxide to produce PGA. Ifthis unknown 
reactant is called X, then the reaction would be as follows : 
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X f"CO,^ "COOM 

I CHOU O 

* s ' fc " c h.o - p — on 

I 

o 

What is this compound X Mow mam utrbon atoms does it have ? 1 he 
answers weie not known to anyhodv But ( alvm and co-workers observed 
further that when the algal cells were *ed with CO for 60 seconds or longer 
ALL1HF THREE (’ARlioK'.oi- t*c,\ were i ad inactive ! his was a very impor¬ 
tant clue to the investigation ( an you explain how C2 and C 3 can become 
radioactive ? Since <T and ( ) are coming from the unknow n reactant X, this 
compound X must have become rad oactive during the long term exposure 
of the algal cells to "CO.. Remember, BOA is the only compound that 
receives "C from "C'O. t herefore, X must have received the radioactive 
carbons from PGA during the ’ong-term exposure Mow can that happen’’ 
The answer was a guess that came from another observation that after the 
long-term exposure, not only PCiA, but many other compounds in the algal 
extract became radioactive These compounds weie mainly carbohydrates 
having four, five, six and seven carbon atoms. Theiefore, it was suspected 
that there was a chain of reactions from PGA to all these carbohydrates and 
finally to X. In other words, it was suspected that the whole chain of reac¬ 
tions was operating in a cycle: 


X + CO. pga 

V. _ J 

The search did not end there. Rather, the situation looked quite complex. 
Several questions had to be answered : One of the radioactive compounds 
detected in the chromatogram should be X. Which of them is X ? 1 low many 
reactions are there in this cycle ? What is the sequence of these leactions ,} 
Since these are biochemical reactions, these would be catalysed by enzymes. 
Can these enzymes be detected and characterised ? You can ask many other 
questions. And sure enough, all these questions were answered through intel¬ 
ligent hard work of many scientists for several years. Surprisingly, X turned 
out to be a 5-carbon compound, Ribulose 1,5 bisphosphaut. 


Photorespiration another reaction which i nterferes with the 

RuBP carboxylase which is the main successful functioning of the Calvin cycle, 
enzyme of photosynthesis also catalyses In the presence of high concentration of 


oxygen this enzyme acts as oxygenase and 
converts the RuBP to 3-carbon compound 
(PGA) and a 2-carbon compound 
(phosphoglycolate}. This second reaction 
of RuBP carboxylase is important because 
the phosphoglycolate is converted quickly 
to glycolate. The peroxisomes present in 
the cell metabolise the glycolate into gly¬ 
cine, and glycine into serine and carbon 
dioxide without the production of ATP 
or NADH. The process is called 
PHOTORESPIRATION. This amount of car¬ 
bon lost is not trivial. As much as half the 
photosynthetically fixed carbon dioxide 
may be lost by photorespiration. 
Photorespiration acts to undo the work of 
photosynthesis, as no energy-rich com¬ 
pound is produced during this process. 

A characteristic ofRuBP carboxylase is 
that with increase in temperature and oxy¬ 
gen concentration its affinity for carbon 
dioxide decreases and its affinity for oxy¬ 
gen increases. Thus, as temperature rises, 


which is then transported to cells stir, 
rounding the vascular bundle, the bundle 
sheath cells (Fig. 29.10). Here malic add 
(C<) is converted to pyruvic acid (Cj) with 
the release of carbon dioxide. In some 
instances aspartate is formed instead of 
malate in the C 4 pathway.The concentre, 
tion of carbon dioxide is thus increased in 
the bundle sheath cells. These cells coo. 
tain Calvin cycle enzymes. Because ofthe 
high carbon dioxide concentration the 
RuBP carboxylase participates in Calvin 
cycle and not in photorespiration. The 
sugars formed in Calvin cycle are trans¬ 
ported into the phloem. 

The pyruvic acid generated in the bundle 
sheath cells is transferred back to 
the mesophyll. It is converted to 
phosphoenolpyruvate by the expenditure 
of an ATP molecule. But because the con- 
version results in the formation AMP 
(and not ADP), the requirement to regen¬ 
erate ATP from AMP is 2 ATP. This is 


more and more photosynthetically fixed 
carbon is lost by photorespiration. Over¬ 
coming the photorespiratory loss poses a 
challenge to plants growing in the tropics. 

C 4 Pathway 

Many plants such as sugarcane and sor¬ 
ghum have' adapted themselves to over- 


how 12 addit i on a jATPs are needed in the 
X^pathwayT Tfie C, pathway is thus mote 
energy-expensive than the C, pathway. 
Ihe C, pathway. requircs 18 ATP for the 
s'ynffies&.of one molecule of glucose, 
whereas Uie,C + p 4 Uiway cequirfisifiATP., 
But realising that many tropical plants 
would otherwise lose more than half 


come the photorespiratory losses by an 
ingenious mechanism. The carbon diox¬ 
ide is fixed in the mesophyll cells. The ini¬ 
tial product being a 4-carbon compound, 
the process is called C } pathway of carbon 
dioxide fixation (Calvin’s cycle is referred 
to as C } pathway). The carbon dioxide 
acceptor is a 3-carbon compound, 
phosphoenolpyruvate and it forms 
oxaloacetic acid, which is an intermediate 
in the citric acid cycle of respiration. 
Oxaloacetic acid is converted to another 
Krebs cycle intermediate malic acid, 


of the photosynthetic carbon in 
photorespiration, the C 4 pathway is of 
adaptive advantage. 

Factors Influencing Photosynthesis 

A number of environmental factors are 
known to influence the rate of photosyn¬ 
thesis. These include intensity, quality 
and duration of light, availability of cab 
bon dioxide and water, and temperature. 

Light Intensity and Quality 

In the total absence oflight plants absorb 
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Fig. 29.11 Blacfcmann's Law of limiting factors. Rale of photosynthesis as a function of light intensity, CC >2 
concentration, and temperature. At low hght intensities, light is the limiting factor. At higher 
light intensities, temperature and COj concentration are the limiting factors. 

oxygen and release carbon dioxide (respi- tosynthetic rate. For example, when light 
ration). When light of sufficient intensity passes through a forest canopy there« 
is available plants begin to perform photo- preferential absorption of blue and red 
synthesis; they absorb carbon dioxide and regions of visible light (which are photo- 
release oxygen. synthetically most effective) by the foil- 

As the light intensity is increased the age. As a result the rate of photosynthesis 
rate of photosynthesis increases propor- in plants growing under the canopy mark- 
tionately until some other factor such as edly decreases, 
carbon dioxide becomes limiting. Ulti- Availability of Carbon Dioxide 
mately the plant becomes light satu- In land plants the bulk of carbon dioxide 
rated indicating that light is no longer enters the leaf through stomata. When the 
the limiting factor in determining the rate stomata are closed, the availability of car- 
of photosynthesis. If now the concentre- bon dioxide for photosynthesis decreases 
tion of carbon dioxide is increased, the and ultimately the photosynthetic rate 15 
rate of photosynthesis increases until light reduced to zero. In submerged wateiWo 
becomes a limiting factor (Fig. 29.11), plants, carbon dioxide directly 
•• The quality of light also influences pho- through the epidermis and reaches, 
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photosynthetic cells in the form of bicar¬ 
bonates or carbonates. 

Carbon dioxide is usually the limiting 
factor in photosynthesis under field con¬ 
ditions, particularly on clear summer days 
when plants are provided with adequate 
water. 

Availability of Water 

Under field conditions, water may be a 
limiting factor for photosynthesis, not 
only during prolonged drought periods 
but also every afternoon, particularly dur¬ 
ing hot weather. Although water supplies 
electrons in the photo-chemical phase, the 
primary effect of reduced water availabil¬ 
ity for photosynthesis is through the clo¬ 
sure of stomata. When stomata are com¬ 
pletely closed, photosynthesis may cease. 
In addition, the decrease in the availabil¬ 
ity of water leads to dehydration of proto¬ 
plasm which ultimately affects the 
enzymes involved in photosynthesis. 
Temperature 

Temperature is a limiting factor under 
field conditions particularly on cool days. 
The influence of temperature on photo¬ 
synthesis depends on both light intensity 
and availability of carbon dioxide. An 
increase in temperature above 30*C 
results in a decrease in the rate of photo¬ 
synthesis. Changes in temperature do not 
affect the light reactions of photosynthesis 
but profoundly influence the rate of 
enzyme-controlled dark reactions. How¬ 
ever, the effect of temperature on the rate 
of photosynthesis varies from plant to 
plant. For example, C 4 plants show higher 
temperature optimum for photosynthesis 
than the C, plants. 

Internal Factors 

Besides the environmental factors, certain 
internal features of the plant like the age of, 
leaf, its anatomy and chlorophyll content 
affect the photosynthetic process. As the 


leaf develops, the rate of its photosynthe¬ 
sis increases gradually reaching a maxi¬ 
mum at its fully expanded stage. Later, 
photosynthesis gradually decreases with 
the age of the leaf. 

The rate of photosynthesis is partly 
influenced by the number and degree of 
opening of stomata, extent of venation 
and the volume of intercellular spaces. 

Under natural conditions, chlorophyll 
content of leaves is not generally a limit¬ 
ing factor in photosynthesis. For example, 
the sun plants contain less chlorophyll in 
their leaves than those of shade plants but 
still exhibit higher rates of photosynthesis 
over shade plants. 

Translocation of Photosynthates 

The carbohydrates manufactured in the 
leaves of higher plants are distributed to 
roots and storage organs (tubers, bulbs, 
roots, fruits, etc.) along the phloem. This 
long distance movement of organic com¬ 
pounds is called translocation. Sucrose 
is the principal form in which the carbo¬ 
hydrates are translocated. Sieve elements 
which are living (chiefly sieve tube mem¬ 
bers in seed plants) are the channels of 
transport. Metabolic energy is used in the 
process and rates up to 100 cra/hr have 
been recorded. 

The mechanism by which carbohy¬ 
drates and other organic molecules are 
translocated within vascular plants is not 
yet fully understood. Several theories 
have been proposed to explain transloca¬ 
tion. Among them the mass flow hypothe¬ 
sis is the most widely accepted. In brief, 
this theory envisages a pressure gradient 
between the source (leaves) and the sink 
(storage organ). The difference in hydro¬ 
static pressure between these is the driv¬ 
ing force which moves the sugar solution. 



SUMMARY 


Photosynthesis is the process by which green plants trap solar energy and convert it 
into chemical energy of carbohydrates. Photosynthesis is the only source of energy 
for all organisms. Additionally, this is the only natural process by which oxygen is lib¬ 
erated into the atmosphere. Photosynthesis involves two distinct phases: photo¬ 
chemical phase (light reactions) and biosynthetic phase (dark reactions). The first 
step in photosynthesis is the absorption of light by chlorophyll molecules, which are 
organised into photosynthetic units m the thylakoid membrane of the chloroplasts. 
The excitation energy is transferred from one chlorophyll molecule to another until u 
is trapped by a reaction centre. The critical event at the reaction centre is the light- 
activated transfer of an electron to an acceptor molecule resulting in the production 
of reducing power. Photosynthesis in green plants requires the interaction of two 
light reactions. Photosystem I generates strong rcductani NADPH. Phoiosystem II 
produces a strong oxidant that forms oxygen from water. 

Electrons flow through the electron-transport chain from photosystem II to 1, 
which in turn leads to the synthesis from water to NADP with concomitant genera¬ 
tion of ATP, NADPH and oxygen. This process is termed as non-cyclic 
photophosphorylation. Alternatively, ATP can be generated without formation of 
NADPH by a process called cyclic photophosphorylation involving absorption of 
iight by only photosystem I, The mechanism of formation of ATP in the chloroplast 
is similar to that occurring in the mitochondria. 

In the dark nsacUon, also called CALVIN CYCLE, the carbon dioxide is fixed and 
reduced to carbohydrate in the stroma part of the chloroplast, using ATP and 
NADPH generated through light reaction (the light reaction goes cm in the lamellae 
of chloroplast). The dark reaction primarily consists of three major steps: (i) carbox- 
ylation, (ii) glycolytic reversal and reduction and (iii) regeneration. Carboxylation 
involves addition of carbon dioxide to ribulosc 1,5 bisphosphate (RuBP) to form two 
molecules of phosphoglyceric acid in the presence of the enzyme ribulose 
bisphosphate carboxylase (Rubisco). In the glycolytic reversal step, PGA is reduced 
to phosphoglyceraldehyde, utilising ATP and NADPH generated in the light reac¬ 
tions. The two molecules of PGA combine to form fructose 6 phosphate. RuBP is 
regenerated through a complex series of reactions. Six turns of the Calvin cycle yield 
one molecules of glucose. Under high temperature and oxygen 
concentration Rubisco catalyses photorespiration rather than Calvin cycle. 
Photorespiration causes a high loss of fixed carbon without producing energy-rich 
compounds. 

Plants such as sugarcane and sorghum fix carbon dioxide into 
phosphoenolpyruvate (C, - compound) to produce C 4 acid (usually malic acid). Such 
plants are called C 4 plants. The C 4 acids later release CO, for producing sugars 
through Calvin cycle in the bundle sheath cells. By this pathway the C 4 plants par¬ 
tially overcome the disadvantages of photorespiration. 

The external factors affecting the rate of photosynthesis are intensity and quality 
of light, carbon dioxide, water and temperature. The age ofleaf, chlorophyll content 
and the histology of the leaf are the major internal factors which m»i» l 



Sugars manufactured in the leaf arc translocated to storage organs through the 
phloem in the form of sucrose. Translocation is a metabolic process and occurs due to 
differences in hydrostatic pressure between the source (leaf) and sink (storage 
organ). 


QUESTIONS 


1. Tick (\/) the conect answer in the following : 

(a) A cell that lacks chloroplast does not 

(i) evolve carbon dioxide 

(ii) liberate oxygen 

(iii) require water 

(iv) utilise carbohydrates 

(b) Energy is transferred from the light reaction step to the dark reaction step 
by 

(i) chlorophyll 

(ii) A DP 

(iii) ATP 

(iv) RuBP 

2. Describe the light-dependent steps of photosynthesis. How arc they linked to the 
dark reactions ? 

3. Distinguish between: 

(a) Respiration and photorespiration 

(b) Absorption spectrum and action spectrum 

(c) Cyclic photophosphorylation and non-cydic photophosphorylation 

4. What are the steps that are common to C, and C 4 photosynthesis ? 

5. Are the enzymes that catalyse the dark reactions of carbon fixation located 
inside the thylakoids or outside the thylakoids ? 

6. Calvin cycle consists of three phases. What are they ? Explain the significance of 
each of them. 

7. Why are plants that consume more than the usual 18 ATP to produce 1 molecule 
of glucose favoured in tropical regions ? 

8. What is the advantage of having more than one pigment molecule in a 
photocentre ? 

9. Why does chlorophyll appear green in reflected light and red in transmitted 
light ? Explain the significance of these phenomena in terms of photosynthesis. 

10. Explain why photosynthesis is considered the most important process to the 
biosphere. 
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ALL living organisms reproduce. Repro¬ 
duction is the means of perpetuation of 
species. In plants a new individual may be 
produced from a single parent or from two 
parents, depending on the mode of 
reproduction. 

MODES OF REPRODUCTION 

Plants exhibit several modes of reproduc¬ 
tion, which may be broadly grouped into 
two types: asexual reproduction and 

SEXUAL REPRODUCTION. In the former, 
new individuals are produced without the 
fusion of gametes. In sexual reproduction, 
fusion of gametes is required to form a 
new plant. 

Asex ual Reproduetion - ’ 

In Unit Three, you have read about vari¬ 
ous types of asexual reproduction in 
microorganisms. As only mitotic divi¬ 
sions are involved in asexual reproduc¬ 
tion, the newly formed individuals are 
genetically identical to the oarent olant. 


method of reproduction as you have stud¬ 
ied in Unit Three, 

Regeneration of new plants from por¬ 
tions of vegetative otgans is very common 
and is called vegetative propagation. In 
this chapter you will study some aspects of 
vegetative propagation in flowering 
plants. Stems, roots and leaves are vari¬ 
ously modified to aid natural vegetative 
propagation. Humans have developed 
several techniques for the artificial vege¬ 
tative propagation of economic plants. 

Natural Vegetative Propagation 

(i) Vegetative Propagation by Stems: You 
studied about the various types of modifi¬ 
cation of stem in Chapter ?6. Runners, 
rhizomes, bulbs, corms and tubers serve 
as means of propagation. 

(ii) Vegetative Propagation by RootmThe 
intact roots of many woody plants 
{Murraya spp ,,Albizia kbbek, Dalbergia 
sissoo ) put out shoots and produce new 
Diants. Tuberous roots such as sweet 
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yams also provide a means of vegesative 
propagation by producing adventitious 
buds that develop into new plants, 

(iii) Vegetative Pmpngntvm hy Lmivs: 
Leaves are not a common means of vege* 
tative propagation in nature, However, in 
some species of Bryophyllum (1L 
daigrenwntianum ), plantlets develop 



Fig. 30.1 Buds present in the notches along the 
margin of a Kalnnrhoe leaf form 
plantlets. 

along the margins of intact leaves (Fig- 
30. 1). These plantlets become detached 
and develop into independent plants. In 
other species of Bryophyllum and 
Kakmchoe the leaves must be detached or 
injured before plantlets arise. You may 
like to examine the conditions under 
which propagation occurs from the leaves 
of Bryophyllum in your garden. Other hor¬ 
ticultural plants propagated by leaf cut¬ 
tings are Begonia, Streptocarpus and 
Saintpaulia. 


Vegetative Propagation from Reproductive 
Organs 


Although flowers are primarily associated 
with sexual reproduction, in the century 


plant ( Agave sp.) flower buds develop into 
JmMs_wJiich drop to the ground and 


Arhfmnt Yrg>'tnUvt’ Propagation 

Horticulturists use the various means of 
natural vegetative propagation explained 
abm e lor commercial purposes, The chief 
advantage of vegetative propagation is the 
perpetuation of the desirable features ofa 
selected plant, A population of genetically 
identical plants derived from an individ¬ 
ual is called a n,oNh. You are familiar 
with the knowledge that potatoes are 
propagated by whole tubers or their 
pieces: ginger and banana by the division 
of rhwmne; onion by bulbs and mint by 
runners. In addition to these, several'Sttt 
ficial methods of vegetative propagation 
have been practised. Some of these are 
niTFlNt,}. LAYERING and GRAFTING. 

Cuttings: The division of any plant organ 
(stemTroot or leaf) used for propagation is 
referred to as a cutting. Stem cuttings are 
most commonly used for this purpose. 
Factors such as the optimal length and 
diameter of the cutting, age of the parent 
plant and season have to be taken into 
consideration for each species. Sugarcane, 
grapes, cocoa, rose, bougainvillea andcar- 
nations are some of the plants propagated 
by stem cuttings. Stem cuttings of some 
plants do not produce roots readily and 
have to be treated with hormones. 

Layering : In this technique roots are 
induced on a stem before it is detached 
from the parent plant for propagation, 
There are several methods of layering. In 
mound layering, the lower branch ofa 
plant (jasmine and’ strawberry) is bent 
down close to the ground and covered 
with moist earth in such a way thatjt$ 
growing tip remains above the soil JJJ£„ 
face. After a few days the covered nortion 

r\f 




Fig 30.2 Bulbils of Afiaiif sp (I'holo II.Y Mohan Ram) 


grown as an independent plant. In air 
layering, the stem is girdled (a ring of 
bark tissue is removed) or slit at an 
upward angle, and covered with moist 
moss or cotton and wrapped with a poly¬ 
thene sheet. After the injured part pro¬ 
duces roots, the branch is cut and planted 
separately. 

G rafti ng: The art of joining parts of plants 
such that they grow as one plant is called 
drafting. This is a feature unique to 
plants (especially dicotyledonous plants) 
and was described by ancient gardeners 
long before scientific horticulture became 
established. The part of the graft 
which gives rise to the upper portion is 
tenned scion and the part that becomes 
.the supporting portion (usually the root) is 


called the s i 0 (;K fl-'ig JG.3). Such compos¬ 
ite" plants are‘usually produced for eco¬ 
nomic benefits. The scion is obtained 
from a plant with superior characters 
while the root stock is derived from a 
plant resistant to diseases and pests and 
efficient in absorption of water and min¬ 
erals. High quality^ roses are usually 
grafted on wild rose Foot stocks. Grafting 
is generally done between related varieties 
and species. There arc various methods of 
grafting, including a technique where only 
a single bud instead of a scion is employed 
(budding). Grafting is routinely used for 
the propagation of rubber, apple, pear, cit¬ 
rus, mango and guava. 

Propagation by Plant Tissue Culture 
In Unit One you learnt about the tech- 
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imjuc of tissue culture Using shoot tips ^ 
other suitable plant pans, it is possibles 
obtain a large number of plantlets. Tissue 
culture technique has been commercially 
used for the nueropropagation of orchids, 
carnation, gladiolus, chrysanthemum and 
other ornamental plants. Usually the tis. 
sues in the shoot apical meristem ate 
virus-free and therefore this method is 
also useful for producing healthy plants, 
especially in potato, tapioca and sugar¬ 
cane. In addition, this technique enables 
production of an unlimited nu mber of 
plants within a relatively short time. You 
will learn more about tissue culture in the 
nest part of this textbook. 

Impurtamv of Vtwfativu Propagation 

The most obvious benefit of vegetative 
propagation is that it makes possible the 
propagation of plants such as banana, i 
seedless grapes and oranges, rose, andjas- 
mine that have lost their capacity to pro¬ 
duce seeds through sexual reproduction, 
Other plants such as Bermuda grass or 
doob grass iCynodon dactylnn), which pro¬ 
duce only a small quantity of seed, are 
mostly propagated vegetatively. Vegeta¬ 
tive propagation is a more rapid, easier 
and a less expensive method of multiply¬ 
ing plants which have either poor seed via¬ 
bility or prolonged seed dormancy. The 
greatest advantage of vegetative propaga¬ 
tion is that all plants.produced wh have 
the same characters and hereditary .poten¬ 
tial as the parent plant. Grafting permits 
the physical and physiological joining of 
separate individuals to the best economic 


Fig. 30.3 Grafting 

A, The lower pari of ihc stem of scion is 
cut into a wedge; B, The shoot of the plant 
to be used as a stock is cut off. The stem is 
slit vertically. The scion is inserted into 
the stock and is tied with a tape (C). The 
graft union occurs within a short time. 


advantage. 

Sexual Reproduction In Flowering Phmb 
(Angiosperms) 

In Chapter 17 you studied briefly about 
sexual reproduction in algae, bryophvtes, 
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Fig. 30.4 A vcmcal section of a Rower showing the 
position and arrangement of various flo¬ 
ral Organs 

pteridophytes and gymnosperms. You 
also learnt that in angiosperms seeds are 
enclosed in an ovary. You will novv learn 
more details about sexual reproduction in 
angiosperms. 

Structure of the Flower 

The flower and its parts are concerned 
with sexual reproduction in angiosperms. 
Morphologically, the flower is considered 
as a shoot bearing nodes and modified 
TIofaTleaves’. Unlike the condition in a 
vegetative shoot, the internodes in the 
flower are condensed and the number of 
appendages arising at a node are more 
numerous. Flowers exhibit wide variation 
in size, shape, colour and arrangement ol 
floral parts. However, all flowers have the 
same basic plan (Fig,30.4) 

The stalk of the flower is called pedi¬ 
cel. The tip of the pedicel continues 
as an enlarged axis—the REC EPTACLE or 
t halam us. All other fioraf appendages" 
(organs) are attached to the receptacle. 


sepals arc green, leaf-like structures that 
arise at the base of a flower and form the 
outermost circle of appendages. Collec¬ 
tively the sepals are referred to as CALYX 
I he sepals mainly protect the flower 
before it opens. 1 he whorl of appendages 
that arise inner to the sepals are petals, 
collectively called corolla. Petals are 
generally brightly coloured and some¬ 
times fragrant to attract insects. The third 
group of appendages consists of stamen s, 
collectively called the ANDROECIliM. bach 
stamen may be regarded as a highly modi¬ 
fied leaf(microsporophyll). It consists of a 
slender stalk, the rii AMEN r and a bilobed 
structure at its tip. the ANTHER. The 
anther usually contains four nflernsporan- 
gia which produce a large number of pol¬ 
len grains. The stamens are the male 
reproductive organs of the flower. The 
centre of the flower contains the female 
repioductive whorl called the_ gyn,(jh- 
f rTm or pis Fit. ins composed of one or 
more carpels. Kach carpel consists of 
three distinct parts — stigma, s eyu- an d 
ovar y . Ovary is the swollen basal part of 
the carpel which bears one or several 
ovules. ‘The ovary extends at the tip into a 
slender style, which tn turn terminates 
into a lobed head called the stigma. A 
flower may have only one carpel or several 
carpels. The carpels may be free or fused. 
The ovary may be one chambered or 
many-chambered. Inside the ovary the 
ovules develop from a special tissue called 
the placenta. The manner in which the 
placenta e are dis tributed jq.tliejaYajy.Xs 
.^wn'^PL^iHJATTON 

The number of floral organs, their 
condition (free or united) and arrange¬ 
ment on the thalamus are characters used 
in identification and classification of 
plants. When the ovary is situat ed on the 
torus above all the other floral parts the 



Fig, 3Q.5 Vertical section of a pen gy nous 
flower 




Fig, 30,6 Vertical section of an epigynems 
(lower 

flowfirJs~said to.be hypogynous (mus¬ 
tard, tomato) (Fig.30,4). In such a flower 
the ovary is said to be superior. In some 
flowers such as the rose, the thalamus 
forms a cup-shaped structure around the 
ovar y and bea rs sepals, petals and sta¬ 
me ns. Flower s of ibis, .type are called 


rmoYMous (Fig.30.5). When the thala- 
Jims is not only cup-shaped but is fused 
with the ovary such that the other floral 
parts arise on the top of the ovary, the 
fbwer is said to be muYNOps. The ovary 
in this case is inferior (Fig 30,6) (cucum- 
her, apple). 

Flowers that contain both stamen and 
pistil are termed iu.kmai'IIRodite or 
tNt i itsi Xi’Al. Flowers that bear organs of 
only one sex (suminate or pistillate) are 
called tiNisi XUa!,. The unisexual flowers 
may he .separated in time and space. 
Plants (such a v cucurbits, maize and cas¬ 
tor bean! that hear flowers of bot h sexes 
are ca lled monoecious . Very rareWindi. 
viduals of a species* produce exclusively 
staminate or pistillate flowers.' Such 
plants are calle d dioecious and can be 
compared to mammals in their sex expres¬ 
sion. Date palm, mulberry and Coccinh 
Hraruiis are good examples of dioecious 
plants. In mango and cashew plants, neu¬ 
ter, male and intersexual flowers occur 
together. 

Inflorescence 

Flowers do not always occur singly. They 
are often borne in clusters. An axis bea r¬ 
ing a cluster of flowers is known as inflo ¬ 
rescenc e. It may be terminal or axillary. 
When the flowers in an inflorescence are 
arranged acrmi etallv (the lower or outer 
flowers being older) on the main axi s 
which has unlimit ed 
racemose inflorescen ce. When the main 
axis is always limited, endsin a flower and 
the subsequent growth of the inflores¬ 
cence is carried out by axillary branches, 
the inflorescence is called cymose. In a 
cymose inflorescence the terminal flower 
is the oldest. Racemose inflorescence is 
subdivided into seven types and cymose 
inflorescence into three types. There are 
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Fig. 30,8 Special types oT inflorescence 

A. Hypanthotlium (vertical section) and 
enlarged views of male and female flow¬ 
ers; B, Cyathium (vortical section). See 
Table 30.1 for details. 

also some special types of inflorescence 

(see Table 30.1). 

Functions of a Flower 

The main functions of flowers are: (i) pro¬ 


duction of pollen and egg. (it) pollination, 
(in) fertilisation, (tv) development of 
seeds and fruits (v) dispersal of seeds and 
fruits. 

Ih'urlnpnwnt nfthv Pnlknnr Mali: Gamrtu 
ph\ti>. Pollen grams are produced m the 
anther A very young anther consists of a 
mass of undifferentiated cells surrounded 
hy an epidermis. During the development 
of the anther its outline becomes four 
lohed P.ach lobe is termed a MU'Rospo- 
R vN"< >it ;m (Pig. 30.9A) which contains 
a mass of cells characterised by 
their large si/e. abundant cytoplasm 
and prominent nuclei. These cells are 
called si'ORf)t;rN:nt:s ciLLb ..or 
MU RosPoRot y jps As the anther glows 
the sporogenous cells undergo a few 
mitotic divisions to increase their number 
before they function as Ml( ROSPOR F 
M< illint i mis, Microspor5~rm>lher cells 
Tamtam two sets of chromosomes and are, 
therefore, diploid. Fach microspore 
mother cell divides metotically and gives 
rise to four microspores. The chromo¬ 
some number is reduced by half (to one 
set) and the microspores are IIAPI Olt). Ini¬ 
tially the four microspores remain 
enclosed in a common wail (tetrad 
condition). 

The individual microspores become 
separated. Fach microspore enlarges and 
undergoes a mitotic division to form a 
large vegetative ceil (tube cell) and a 
small generative cell (Fig. 30.10A). 
Once the vegetative and generative cells 
are formed, the entire structure which rep¬ 
resents the male gametophyte is referred 
to as the POLLEN grain . In a large number 
of flowering plants, pollen are shed at the 
two-celled stage (Fig, 30.I0A). In some 
plants, the generative cell undergoes a 
mitotic division to give rise to two male 
gametes before the pollen grains are shed. 
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Fig. 30.9 A. Diagrammatic view of a portion of 
young anther in cross section. Note the 
four microsporangia containing sporogc- 
nous cells. 

B, Portion of cross section of a mature 
anther 


l he wall between the two adjacent spo. 
rangia disintegrates and forms a pollen 
sac (log. W.9H). At maturity each anther 
contains two pollen sacs. After the pollen 
grams are fully formed, the anther gener¬ 
ally splits along the long axis to liberate 
them. The pollen gram is covered by n 
thick wall. I he wall has two layers: an 
outer thick FMNF and an inner intine 
(big. 10.1OA). As you have already learnt, 
the pollen grains that appearlike dust par¬ 
ticles reveal a wide range of 
nncrosculptunngof the ex me in high mag¬ 
nification. undet a scanning electron 
microscope. Hie exine is made up 
of a complex substance called 
spur* il’t >i i I'NIN 1 his is one of the most 
resistant biological materials known, At 
one or more places, the exine is very thin 
or absent. These regions are known as 
c»frm PORtiS through which the pollen 
tube emerges. 1 he intine is comparable to 
the cellulostc cell wall of any other cell. At 
the time of pollen germination, it pro¬ 
trudes through the germ pore and gives 
rise to the pollen tube (Fig. 30.10 B,C). 

Development of Ovule and the 1Female 
Gamatophyte : Ovules (which are the 
future seeds) are formed in the ovary in 
the early stages of flower development. In 
plants such as mango and cahhew the 
ovary contains only one ovule. In poppy 
there are several thousand ovules and in 
orchids often more than one million. The 
ovule First develops as a projection on the 
placenta. It is composed of a multilayered 
cellular tissue called the nucellus. A 
hypodermal (lying below the epidermis) 
cell of the nucellus enlarges and becomes 
transformed into a megaspore MOTHER 
CELL (also called tnegasporocyte). As 
growth and development of the ovule pro¬ 
ceed, the nucellus is raised on a stalk-like 
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Fig.30.10 Mature pollen and pollen genntnatton 
A. Section of a pollen tjr.un showing a 
thick cxine,.a thin inline and vegetative 
and generative cells; H,C Growth ol pol¬ 
len tube. In (\ two male gametes arc 
seen, 

structue called the funiculus. It is also 
surrounded by one or two protective lay¬ 
ers called integuments, leaving a small 
opening at one end termed the MICRO- 
pyle (Fig. 30.1 1). This opening serves as a 


passage for the entry of the pollen tube 
into the ovule 

I he diploid megaspore mother cell 
enlarges and undergoes meiosis to pro¬ 
duce four haploid cells called MEGA- 
si‘< )HI s Generally three megaspores 
degenetate and the remaining megaspore 
enlarges and its nucleus undergoes three 
successive mitotic divisions. As a result 
eight haploid nuclei are formed. I he meg¬ 
aspore enlarges into an oval-shaped struc¬ 
ture called the emhryo sac, which 
now onwards is termed the 
Ml tiAfiAMT. H il’UYti (gamete bearing) 
d ig. 30 11) 1 he eight nuclei of the 

embryo sac arrange themselves into three 
groups. 1 hrcc nuclei migrate toward the 
tnictopylur end of the embryo sae. other 
three move in the opposite direction (the 
chala/al end) and the remaining two 
nuclei are retained in the centre Plasma 
membranes atul cell walls then develop 
around all the nuclei excepting the two at 
the centre. The three cells at the mieropy- 
lar end form the egg apparatus which com¬ 
prises the Did f‘EM and two SYNCRdins. 

I he three cells at the chala/al end of the 
embryo sac are called ANTIPODAL CELLS. 

1 he remaining two nuclei in the centre of 
the embryo sae (now called the central 
cell) are called POLAR NUCLEI which may 
fuse and form a diploid secondary 
nucleus. A fully developed embryo sac 
with the nucellus, integuments and funic¬ 
ulus, together constitute the mature ovule. 

Pollination 

The term pollination refers to the transfer 
and deposition of pollen on the stigmatic 
surface of the flower. Different types of 
pollination occur in plants.(See the chart 
on p.492.) 

Autogamy resulu when a flower is pol¬ 
linated by its own pollen. An autoga- , 
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Same flower v Dilfe’rent 

(autogamy) flowers 

of the 

same plant 

((JEiroNOGAMY) 


\ 

'.4 

Cross-Pollination 


[•'lowers from differ¬ 
ent plants of the 
same species 
(ALLOGAMY) 



Fig, 30.11 Longitudinal section of an anatropous 
ovule with two integuments* and 
micropyle, The embryo sac contains 
an egg, two synergids, ihTce antipodal 
cells and two polar nuclei. 

mous flower is always intersexual as the 
whole process occurs within its confines 


(wheat, rice. pea. etc.). When pollen from 
one flower are deposited on the stigma of 
another flower borne on the same plant, 
the type of pollination is 
known as geitonogamy (» marriage 
between neighbours). In allogamy, pollen 
are from a different plant of the same spe¬ 
cies. Genetically both autogamy and 
geitonogamy result in self-pollination. 
Allogamy represents cross-pollination 
where genetic recombination is ensured. 

Gross-pollination requires an abiotic or 
a biotic agent (See the chart on p.493). 

Wind Pollination: A large number of 
plants such as coconut palm, date palm, 
Cannabis (bhang), maize and numerous 
grasses are wind-pollinated. Anemophi- 
lous flowers are unisexual, with the 
anthers and stigmas exposed, and thepol- 
len grains are small, smooth and, dry. As 
there is much wastage, pollen are pro¬ 
duced in enormous quantities. For exam¬ 
ple, a single flower of Cannabis produces 
over 5,00,000 pollen grains. Anemophily 
is not precise and is largely non- 
directional and involves movement of 
pollen over long distances. Great quanti¬ 
ties of pine pollen (which are winged) have 
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been found hundreds of kilometres away 
from the nearest forests. 

Water Pollination: True hydrophily, 
where the pollen grains are water-bo me, is 

rare and occurs only in totally sub¬ 
merged marine plants like Zostera 
marina. This plant has elongated (2500 
fim), needle-like pollen grains without an 
exine. When they reach the stigma, they 
coil around it and germinate. In the sub¬ 
merged fresh water plant Ceratophyllum 
demersum, the male flower bears 30-45 
, stamens. The anthers abscise at the base, 
float to the surface of water, and dehisce 
there. The liberated pollen germinate 
and as they sink in water, they effect pol¬ 
lination of the female flowers. 

In V allisneria. the male flowers are 


released to the surface of water, where 
they attach themselves to the stigma of 
floating female flowers held afloat by long 
stalks. Pollination occurs on the surface 
of water and after fertilisation the 
female flower is pulled down by the coil¬ 
ing of the flower stalk. 

/nseef pollination; Insects visit flowers'to 
gather nectar and pollen. Flowers adver¬ 
tise the availability of food rewards to the 
insects either by their showy colours or 
fragrancc.Insect-pollinated flowers pos¬ 
sess all the positive attributes of form, 
size, colour and scent, whereas flowers 
pollinated by abiotic agencies generally 
lack them. An insect visiting a flower 
inadvertently transfers pollen to another 
flower. 


The flowers of the Labiatae (mint family) have a two-lipped corolla. The 
lower lip acts as a platform on which the bee alights. In Salvia there arc only 
two stamens. Only half the anther is fertile, the sterile half forms a plate and 
partly blocks the corolla tube. Their fertile halves are sheltered in the upper 
lip of the corolla. The bee pushes the plate and the fertile halves of the anther 
swing onto the bee’s back, dusting it with pollen. This is known as the Turn¬ 
pike’ or ‘lever* mechanism. 






Bees are the chief visitors of flowers 
and have pollen sacs (pollen baskets) to 
collect pollen. Many plants arc pollinated 
by butterflies. Moths which generally visit 
flowers at night arc active pollinators. For 
them, fragrance is the most important 
attractant. 

Bird Pollination: Birds can derive only one 
staple food from flowers and it is nectar. 
The nectar is chiefly composed of sugars. 
It is reported that a humming-bird can 
take half its body weight of sugar in a sin¬ 
gle day. Birds visit such a variety of flow¬ 
ers (red silk cotton, coral tree,-bottle 
brush) that it is difficult to define a typical 
“bird flower". Some of the bird-pollinated 
flowers have funnel-shaped corollas and 
produce copious amounts of nectar. Vivid 
colours, mainly red, yellow, orange and 
blue attract birds from long distances. 
Over 100 species of Australian plants 
have omithophilous flowers. 

Bat Pollination: Bats are nocturnal ani¬ 
mals and the flowers they visit are large 
and have a strong scent. They move 
swiftly and transport pollen overlong dis¬ 
tances (30 km). The sausage tree, Kif?clia 
pinnata is bat-pollinated. Generally, bat- 
pollinated "flowers have more abundant 
negjtar than omithophilous flowers. They 


generally have a large number of promi- 
nent stamens. Fur example, Adarnom 
(Baobab tree) has 1500-2000 stamens. 
Pullen are produced in large quantities. 

Pollination is one of the essential func- 
turns of the flower. It is a pre-requisite for 
ensuring seed set and perpetuation of the 
species. Cross-pollination is also a means 
of bringing about genetic recombination 
and variation. 

Mustard, safflower, sunflower, clovers, 
cucurhits, almonds and some of thepoma- 
eeous fruit crops (having pome Fruits)give 
significantly higher yields if bees are avail¬ 
able for pollination. Adequate irrigation, 
fertilisers or cultural care given to such 
self-sterile crops would not increase their 
potential yields, if sufficient pollinators 
are not available during their flowering 
period. 

(irtiwth of the Pollen Tube: Pollen grains 
which fall on the stigma are held by its 
sticky secretion and start germination, In 
this process, a short cytoplasmic out¬ 
growth called Cit'RM TUBE emerges from 
the pollen and continues to grow as a pol¬ 
len tube. The contents of the pollen grain 
move into the pollen tube. The vegetative 
nucleus usually moves to the tip of the 
tube followed by the generative nucleus 
(I : ig.30.l0). The pollen tube grows 


Pollination is a most fascinating aspect of biology. A few instances of highly 
specific associations of flowers and pollinators have been recorded. Figs are 
a classical example that require insects of Blatitophaga sp. to effect pollina¬ 
tion. Several species of the orchid genus Ophrys require a moth, The flowers 
are shaped like a female moth and have the same texture, colour pattern and 
even smell. The male moths duped to believing that they are copulating with 
their females, bring about pollination. Interpretation of such a high degree of 
plant-insect interaction requires knowledge and understanding of several 
fields of science. 


►i ? 1 
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Fig. 30.12 Longitudinal section of a pistil showing 
pollen germination. One pollen tube has 
grown through the style and has reached 
the embryo sac through the mtcropylc, 

t hrough the tissue s of the stigma and style 
aofl reaches thTovahtl EItOQrmrDuring 
gro wth the pollen tu be secretes 
enzymes which hydrolyseldigest) reserve 


food materials in the tissues of the stigma 
ami the style and utilises them. The gene¬ 
rative nucleus of the pollen tube divides 
mitotically and produces two male nuclei. 
The pollen tube eventually enters the 
ovule through the micropylc {Tig. 30.12) 
and discharges the two male gametes 
(sperms) into the embryo sac. 

fertilisation 

Jn the embryo sac, one of the two male 
nuclei fuses with the egg nucleus and 
forms a diploid ZYtjorcyThis process of 
nuclear fusion is calletl SYNGAMYTThe 
other male nucleus fuses with the 7 two 
polar nuclei (or secondary diploid 
nucleus) and gives rise to a TRIPLOID 
nucleus railed the primary endosperm 
NUCLEUS/ This process of nuclear fusion 
is known as TRIPLE FUSIONJThe zygote 
later divides mitottcally and produces a 
multicellular diploid EMBRYO./The pri¬ 
mary endosperm nucleus divides and the 
resulting nuclei also undergo a series of 
divisions. Later cell walls develop around 
the nuclei to form a tissue called the ENDO¬ 
SPERM (Fig. 30.13). Endosperm accumu¬ 
lates food ^serves and functions as the 
nutritive tissue for the developing 
embryo. In some flowering plants the 
endosperm is cellular from the very begin¬ 
ning. Fertilisation involving the union of' 
egg amTo'ne of the sperm nuclei and the 
fasiotrofthe second male’nucleus with the 
poTaY nuclef Is unique to flowering plants 

aricT_is... described as DOUBLE, 

PTERTILISAHON,. 

Embryo Development 

The zygote (Fig.30.14 A) divides by 
a transverse wall to form two cells 
(Fig. 30.14B). Further divisions of 
these two cells give rise to a filament 
called the proembryo (Fig. 30.14Q. 
Later the terminal cell of the pro- 
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* B rt m t ' i;Vc ' 0 P mcnl of nuclear endosperm in Acal^pha iruiicu. A,B. Free nuclcai 

tages, C. The endosperm has become cellular. (After John and Kapil, 1953) 


embryo undergoes a series of divisions 
in various planes to Form the embryo 
proper (Fig, 30.14 C-G), The remaining 
part of the filament is known as the sus- 
pensor. The suspensor pushes the devel¬ 
oping embryo into the endosperm, ena¬ 
bling the embryo to absorb nutrients from 
the endosperm. Embryologists have 


recognised several variations in early 
embryo development. The mature 
embryo consists of a short axis with one or 
two cotyledons (Fig. 30.14U). Only one 
cotyledon develops in the monocotyle¬ 
dons while two cotyledons are characteris¬ 
tic of dicotyledons. You can now appreci¬ 
ate the significance of the terms mono and 









di cotyledons. The embryonal axis pos¬ 
sesses the PLUMULE at the apical end 
which gives rise to the shoot and the radi¬ 
cle at the basal end, which develops into 
the root system. 

The presence of seed is unique to gym* 
nosperms and angiosperras, The integu¬ 
ments of the ovule develop into the hard 
SEED coat. This protective coat ensures 
survival of the seeds. The surrounding 
ovary becomes transformed into a fruit. 

Fruit 

it is not easy to define a fruit. In common 
language it denotes a sweet, juicy or pulpy, 
coloured, aromatic structure that encloses 
seed(s). Oranges and apple fit this descrip¬ 
tion. Botanically any ripe ovary is called a 
true fruit, whether it is cucumber, tomato, 
pea or coconut. However, other floral 
parts may also take part in fruit forma¬ 
tion. For example, in apple (Fig. 30.15A) 
and fig the main edible portion of the fruit 
is the fleshy receptacle. Such fruits are 
called false fruits. A few representative 
fruits are shown in Fig. 30.16, 

Tim wall o f a true fruit is called peri¬ 
carp. It is divi sible in to three zones. In the 
rip e mang o (Fig. 30.15B), the outer skin is 
the epicarp. The sWeet. edible flesh isjthe 
meso carp a nd the innermost hard zone 
tha t encloses the seed i s the eadocarb. The 
nature of these three zones varies in differ¬ 
ent fruits. In dry fruits, the jmricarp is., 
p apery or wQodyjmd is not easlly ffistln- 
Rul shable int o three 2ones, 

Pollination stimulates the ovary to 
grow. It is essential for fertilisation and for 
seed development. Pollin ation also pre¬ 
vents ovary a bscissionTPbllcb grains con¬ 
tain small amounts of auxin, which 
together with a limited amount of addi¬ 
tional auxin from the carpellary tissues 
can support the initial growth of the ovary. 


Subsequent fruit growth requires normal 
seeds which synthesise auxins, 
gibberelhns ami eytokinins. Thus, seeds 
play a key role in fruit development. 

When an uvary develops into a fruit, 
celt division, expansion and differentia, 
tion are involved. A pumpkin ovary 
shows a 30-fold increase in size just in two 
weeks time. 

Some plants are able to form fr uits 
without ffmJisaiiW SucETriiits are called 
. parthenocan^ Tlruiti Parthenocarpic 
fruits are either seedless or contain empty 
or non-viablc seeds. Most cultivated vari¬ 
eties of banana are parthenocarpic. Seed¬ 
less grapes, oranges, and water melons 
have been developed by horticulturists. 

Fruits are a source of gugars, pectin, 
organic acids, vitamins atuTlrmnMls. 

'1 hey ha veSeen eaten by people from very 
ancient times, They also form an impor¬ 
tant item of food for animals. Why does a 
plant invest so much of its food in thepro-. 
duction of fruits? The fruit protects seeds 
against hostile climatic conditions and 
animals. It aids in the dispersal of seeds to 
distant localities through wind, water and 
animals. 

Angiosperms exhibit a wide variety of 
fruits. Broadly, the fruits are classified 
into three kinds. A Simple fruit is .oneiB 
which ovary .takes part in development. 
The fruit may be fleshy or dry, dehiscent 
or, indehiscent (bean, mustard' mango, 
citrus). In an aGGRegATE FRuit each free 
carpel develops independently to forma 
bunch of fruits [Mkhetia, strawberry, cus¬ 
tard apple). A imtnosrrE or multipu 
fruit develops froriTairmnorescenceby 
the fusion ofllowers and their parts (pine¬ 
apple, Fig. 30.17)rTRe'rtudy"of Fruits is 
important to understand the taxonomy, 
distribution, adaptation, evolution and 
utilisation of plants, pomology is a 
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Fig. 30.15 A. Vertical section of an apple. The edi¬ 
ble portion of the fruit is the massive 
receptacle; B, Vertical section of mango. 
The edible, fleshy mesocarp is sur¬ 
rounded on the outside by a thin epi- 
carp. Inside the mesocarp lies the hard 
endocarp enclosing a seed. 



ig. 30.16 A few representative fruits, some of 
which arc commonly termed vegetables 
( Photo ; Dr B. Hari Gopal and Dr M. N. 
B. Nair) 

nr.h oLhor^culturc thatdeals,with-the 

tudy of fruits andlh cir cultiva tion. _ 

^TfiTfangSOf seednumber, size, weight^' 
hape, colour and texture is extremely var- 
ed. Likewise, fruits also exhibit a wide 
ipectrum of form. The morphology of 
seed and fruit is an important criterion for 
:lassification and phylogeny of plants. 

Dispersal of Seeds 

As seeds contain the miniature but dor¬ 
mant future plant, their dissemination is 
crucial for the distribution and establish¬ 
ment of plants over a wide geographical 
area. As with pollen grains, the principal 
agents of seed dispersal are wind, water 
and animals. Seeds of many plants are suf- 
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Fig, 30.17 A composite fruit of pineapple 

(Photo :Dt B. Hari Ciopal and Dr M. 

N. B, Nair) 

ficiently light to be carried to great dis¬ 
tances by wind currents. Wind dispersed 
seeds usually have wings or tufts of hairs 
which make their movement in air easy. 
Some seeds and fruits are carried to long 
distances by water before they develop 
into new plants. Fruits are eaten by ani¬ 
mals such as birds and the enclosed seeds 
may be taken to distant places before they 
are passed out in thei r excreta without any 
damage to the embryo. Some seeds pos¬ 
sess spines or hooks which enable them to 
stick to the body of animals and are car¬ 
ried from one place to other. Finally, man 


himself is a great disseminator of seeds 
especially of economically important 
plants. People have not only deliberately 
introduced seeds from one comer of the 
world to another but continue to buy 
choicest seeds from other countries. 

Seeds are enigmatic structures of the 
living world. They are the principal means 
of perpetuation of the species. A seed con- 1 
sists of a part of the parent plant (ripened 
ovule! enclosing the rudiment of the next 
generation (c*mbryo). Seed is the means by 
which the new individual is dispersed. 
Occasionally the pericarp or other floral 
organs may be associated in constituting 
the dispersal unit (cereals, bamboo, sun¬ 
flower, etc.). Seeds account for 70% of all 
food consumed by humans and a large 
proportion of the remainder is derived 
from animals fed on seeds. Production of 
good seeds has been the main goal of agri¬ 
culturists to meet growing needs of 
increasing populations, end hunger and 
assure peace. Our knowledge of seed biol¬ 
ogy has enahled us to use seed banks for 
genetic conservation. You will learn more 
about this aspect later. 

Structure of the Seed 
All seeds have certain common features: 
an, embryo, stored food. and. p rotec tive 
coverings. The zygote which results from 
syngamy is the first cell of the embryo. 
Although an embryo is formed by a series 
of rapid cell divisions of the zygote and its 
products, it is very rarely that an embryo 
straightway produces a plant. In a major¬ 
ity of plants the embryo ceases to grow 
and lies dormant within the seed. This 
unusual phenomenon is not fully under¬ 
stood but has given seed plants several 
advantages for survival. Therefore the 
seed represents neither the beginning nor 
the end of plant growth but a stage in 
between. 
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Fig. 30.18 A. B. Lateral and ventral views of lima bean, Embryo with seed coat and one cotyledon 
removed to show the radicle ami plumule 


We shall now examine the structure of a 
bean seed {Fig. 30.18). It is attached to the 
fruit by short stalk called the FUNICULUS. 
At maturity the funiculus becomes 
detached, leaving a scar, the HILUM, on the 
seed surface. Adjacent to the hilum is a 
small pore, the micropyle. The bean seed 
has two seed coats that develop from the 
two integuments of the ovule. The outer 
seed coat is called the testa. In bean it is 
smooth, thick and variously coloured. 
The inner coat is thin, white and often dif¬ 
ficult to separate from the testa. Soaking 
the seed in water for a few hours makes it 
easy for removing seed coats. 

When the seed COATS are removed, the 
large embryo comes into view. The bulk of 
it consists of a pair of fleshy structures 
called cotyledons. These are the organs 


in the bean seed that store carbohydrates 
and protein and provide nourishment to 
the developing embryonal axis. The coty¬ 
ledons are attached laterally to the embry¬ 
onal axis which has two parts, the RADI¬ 
CLE or the embryonic root and the 
PLUMULE or the shoot tip (Fig. 30.18). The 
shoot apex is enclosed within the first pair 
of small, folded true leaves. The region of 
the embryonal axis between the radicle 
and the point of attachment of the cotyle¬ 
dons is called the HYPOCOTYL (below the 
cotyledons) whereas the portion between 
the plumule and cotyledons is termed 
EPQCOTYL (above the cotyledons). In the 
bean seed both epicotyl and hypocotyl 
elongate rapidly when the seed germi¬ 
nates. The bean seed lacks endosperm and 
stores its reserve food in the cotyledons. 
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Seeds that do not contain endosperm at 
maturity are called NQN-F NPOSPr&MOLs 
seeds (groundnu t, pea, m ustard etc.}. In 
plants' such a sIK^cas tq fb e a~fi .-r ubbercer- 
igls and coconut.J bodrrs inosthZstTfrcd in 
the eh^repmffmlhcse seeds endosperm 
persists and nourishes the seedling during 
its early development. 

The structure of maize as an example of 
a monocotylcdonous, endospermous, 
seed is shown in Fig. 30.19. 

As a matter of fact, a maize grain is a 
large single-seeded fruit in which the seed 
coat is fused with the fruit wall. As seen in 
a longitudinal section, the embryo lies on 
one side of the massive starchy endo¬ 
sperm. The endosperm is surrounded by a 
"sheath of special tissue called aleurone 
LAYER. Cells of this layer contain proteins 
and play an important role in germina¬ 
tion. The embryo consists of a single coty¬ 
ledon which is much reduced and modi¬ 
fied. It is attached laterally to the 
embryonal axis and is called the SCUTEL- 
LUM. This cotyledon has a secretory epi¬ 
dermal tissue that has direct contact with 
the endosperm. The region of the embryo¬ 
nal axis that points downward from the 
point of attachment of the cotyledon is the 
radicle. It is covered by a protective 
sheath called the coleorhiza. Above the 
point of attachment of the cotyledon, the 
embryonal axis becomes the PLMULE, 
which is surrounded by a leaf-like cover¬ 
ing called the coleoftile, 

Actiuity: Dissect out soaked seeds of 
pea, water melon, castor, onion and rice 
and understand the structure and position 
of various parts. 

Seed Dormancy 

Seeds of most land plants have a low water 


* 



Fig. 30.19 Vertical section of a maize grain show¬ 
ing starchy endosperm, scutcllum and 
embryo 

content and exhibit virtually no metabolic 
actvity. They consequently represent rest¬ 
ing structure. S uch QUIESCENT se eds can 
live for many Vears but germinate when 
s oaked in water iind eTa suitable tem pera¬ 
ture an d in the"prese nce o fpjtygSXL 
Also, seeds 'of many domesticated 
plants such as pea, bean, maize and rice 
can germinate immeditely after they are 
harvested. In many other plants freshly 
harvested seeds are incapable of germina¬ 
tion even under favourable conditions. 
There exists within the seeds some 
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block(s) that must be removed or over¬ 
come to allow germination to proceed 
Such inactive seeds are called I x wm xn I 
Removal of dormancy requires exposure 
to specific environmental factors or cer- 
trnnmetabolic changes within the seeds. 
'Seed'dormancy may he traced to sev¬ 
eral causes. One of these is the presence of 
a hard and impermeable seed coat (and 
^theTcovenrigs) which prevents the cutty 
of water and oxygen. Under natutal con¬ 
ditions, the coat-itnpnsed dormancy is 
gradually overcome by the weakening of 
seed coat. In some seeds the hard seed 
coat is softened byen/. vines while passing 
through the digestive tract of fiuit-eatmg 
birds or other animals. Seed coats may 
also be broken down by soil microorga¬ 
nisms or by mechanical abrasions m the 
soil. Scratching the seed coal (scarifica¬ 
tion) has the same effect 
Presence of certain inhibitory sub¬ 
stances such as ffisc isic acid [ AH Aj, 
coumarin, phenolic acids, short-chain 
fatty acids in the embryo, endosperm or 
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other tissues of the seed or fruit is another 
cause for seed dormancy. As long as the 
concentration of the inhibitory substance 
is high the seed remains dormant. 'I he 
concentiation of these inhibitory sub¬ 
stances can he reduced artificially by 
exposure to alternating temperature, chill¬ 
ing, light, placement in running water or 
treatment of hydrated seeds with oxygen, 
nitrate, nitrite, thinmea. gibberellins, 
cytokinms and ethylene. 

You might wonder why dormancy 
should operate when the function of a 
seed is to produce a plant Seed dormancy 
is an adaptation to ensure*seed germina¬ 
tion only under favourable conditions 
thus enabling successful establishment of 
the seedlings It ofieis several benefits. It 
enables seeds to he disseminated m time 
amt space and helps them to germinate 
when environmental conditions arc most 
favourable. Germination of- different 
seeds occ urs m specific situations and sea¬ 
sons Seeds ca n be a rtificially stored to 
ensure agricultural sccunty. 


SUMMARY 


Continuous production of new individuals is necessary for the perpetuation of any 
species. Reproduction in plants is .»< i ompb -rd by the fusion of gametes (sexual 
reproduction! or even without it {asexual r, pt.ufui turn). 

Plants are unique tier ause pads of stems, tools amt leaves air capable of regene¬ 
rating into whole new plants. I bus vegetative propagation occurs naturally in many 
wild and domesticated plants. It is also pr.u tri-d hy people to multiply rcnnoimt ally 
important plants (nailing is a technique in whnh a shoot m a part of the plant 
(scion) is inserted into another plant (stock i mi as t« he notmshed Ivy it and muted 
with it. The maintenance. of purity of a given vantly of plants by vegetative propaga¬ 
tion is called cloning. 

In angiospernis sexual icpinductimi wt ms m l fie flower, which is considered as 
a specially modified shoot. It- a Power me s-pals ate generally gram and protect the 
other floral organs, 1 he petals are usually coloured, showy and often fragrant and 
serve to attract pollinators. The stamens and carpels ate the male and female repro¬ 
ductive structures respectively In each siamen the anther contains four microspo- 
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rangia which produce a large number of pollen grains. The pistil has three parts; the 
basal swollen part the ovary, bears ovules. The tip of the ovary is elongated into a 
style that ends in a stigma. It is the stigma that acts as a receptive structure for the 
pollen. 

Within each ovule a haploid embryo sac usually containing 8 nuclei is formed. 
Of these one nucleus develops into the egg by acquiring cytoplasm and a wall around 
it. 

The process by which'pollen arc transferred to the stigma is called pollination. 
Depending on the distribution of sex organs in the flower(s) and their time of matur¬ 
ity, the pollen received by the stigma may be from the same or a different flower, 
bomc on the same or another plant. Wind, water, insects, birds, bats and other ani¬ 
mals act as pollinating agents. 

The pollen grains deposited on the stigma germinate to form pollen tubes which 
penetrate the style. One pollen tube enters the embryo sac and releases two male 
gametes. One male gamete fuses with the egg to form the zygote (syngamy) and the 
other fuses with the two polar nuclei in the middle to give nse to the endosperm. This 
is called double fertilisation and occurs only in angiosperms. 

The ovule develops into a seed. The zygote forms the embryo, the endosperm or 
cotyledon (s) stores food reserves and the integuments contribute to the formation of 
the seed coat. The ovary matures into the fruit. The size, shape and colour of fruits 
and seeds vary enormously and there are various strategics adopted by plants to dis¬ 
seminate them. 

A seed is an enigmatic structure. The moisture content and metabolic activity 
are very low in seeds and they can remain dormant until the conditions are favoura¬ 
ble for their germination. 

There are several causes of seed dormancy, including hardness of seed coat and 
presence of inhibitory substances. Dormancy may be overcome by various methods. 
Seeds can be stored artifically to ensure food security as well as to use them for raising 
crops in the next season. 

As seed and fruit set are crucial events in crop production, sexual reproduction, 
especially pollination biology is an important subject of study. 


QUESTIONS 


Tick mark (V) the correct answers: 

1. The most significant value of vegetative propagation is that; 

(i) it enables rapid production of genetic variation 

(ii) it is a means of producing a large population of individuals genetically iden¬ 
tical to the parent 

(iii) it ensures that the progeny arc safe from attack of diseases and pests 

(iv) it is an aAcicnt practice. 

2. Listed below are a few economic plants. Write against each of them, the princi¬ 
pal organ/part/method used for propagation 

(i) Wheat. 
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(ii) Onion 

(iii) Gladiolus 

(iv) Sweet potato 

(v) Bryophyllum 

(vi) Grapes 

(vii) Mango . 

(viii) Jasmine 

3. What are the advantages of using plant tissue culture for propagation'’ 

4. Name one example for each of the following: 

(i) A plant in which both male and female sex organs occur in the same 
flower 

(ii) A plant in which separate male ami female flowers are borne on the same 
individual at different positions 

(iii) A cultivated plant in which neither fruits nor seeds arc formed 

(iv) A species in which the individual plant is either male or female 

5. What is the basic difference between a rccemose and a cymose inflorescence? 
Differentiate among spike, umbel, corymb and head with suitable examples. 

6. What are characteristics of wind pollinated flowers? 

7. Match the items in column A with appropriate items m Column B: 

Column A I 'filtimn ti 


Zygote 

Parthcnocarpy 
Bird Pollination 
Hydrophily 
Capitulum 

Non-endospcrmous seed 


Vnllmmn 
Sunflower 
Ground nut 
fi/nbryo 
Kdible banana 
Red silk cotton 
Apple 


8. In what ways does the study of pollination enrich our understanding of biology 
and enable us to apply it for increasing crop productivity? 

9. Explain the biological and economic importance of fruits. 

10. In what sense arc seeds a physiological enigma? 

11. By means of labelled diagrams only bring out the essential differences in the 
structure of a dicotyledonous and a monocotyledonous seed. 

12. What is the ecological significance of seed dormancy? 






CHAPTER 31 


GROWTH AND DEVELOPMENT OF 
FLOWERING PLANTS 



In common parlance the term ‘growth’ 
may be applied to several things and situa¬ 
tions. it is not uncommon to hear people 
talking of growth of cities, of weeds, of a 
tradition, of indiscipline, of a legend, or 
even of baldness. You might have actually 
seen the growth of crystals of sugar or salt 
in the laboratory. What is the meaning of 
growth when used in biology? 

Characteristics of Plant Growth 

gr owth, one of the most funda mental 
and conspicuous characteristic s of Hying 
oTgamsms, isthe sum t otaTofyanbu s pro- 
i, c esses thatcombThe fdcauB ffi tfrever si- 
? b le increase in mass, weight, or volumcTln 
i; multicellular plants growth is generally 
accomplished by the assimilation and fix - 
R ation Qf lOO rpanift snbVtanrAS frnrnthV 
surroundmg environment. F or growth to 
' occur me rate of synthesis of complex 
^molecules like proteins and carbohydrates 
ntust exceed their breakdown. Plant 
^growth occurs by cell division and cell 


enlargement. Increase in the number and 
size of cells by itself cannot account for the 
development of an organised plant. For 
example, when a seed is sown, it does not 
become a larger seed but a seedling. Thus 
growth is invariably accompanied by dif¬ 
ferentiation, which is explained as quali¬ 
tative change in terms of stru cture and 
function of cell s. Althoughaflthe individ¬ 
ual cells in a plant have the same genetic 
information and are influenced by the 
same external factors, they come to per¬ 
form different functions, depending on 
where they become located in the mature 
plant. The internal cellular mechanisms 
block the expression of certain genes and 
allow that of certain others. 

Differentiated cells can be observed in 
tissue preparations under a microscope. 
Structurally these modifications may^ 
involve changes in shape (tracheids), los$e 
of end walls (vessels), perforation of end- 
walls (sieve cells) and impregnations b| 
suberin (cork cells) and accumulation ^ 


• A 
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latex (laticifers) or silica. However, the 
precise mechanism by which differentia¬ 
tion is regulated in cells at specific time 
and location in a plant is not completely 
understood. 

Cell division and differentiation arc 
important aspects of growth and develop¬ 
ment in both plants and animals. In a 
mammal it is difficult to specify the 
regions where growth occurs. Embryonic 
growth in an animal is completed quite 
early, although the mature size may be 
reached at specific periods. Plants, espe¬ 
cially trees, are constructed in a modular 
fashion. That is, their development is rela¬ 
tively open-ended and their structure 
never complete. In a perennial, new 
organs are formed and old ones replaced. 
Cell division continuously occurs in the 
meristems. Cell division without enlarge¬ 
ment would result in an increase in the 
number of cells, but with a progressive 
decrease in the size of individual cells. As 
the cells cease to divide they increase in 
size. Cell enlargemen t manifests itself in 
the visible signs of growth—increase in 
size and weight of the organ or the whole 
plant. You have already learnt in Chapter 
26 (Fig. 26.44) that in the root meristem, 
the zone of elongation or enlargement lies 
just'behind (proximal) the meristematic 
zone. Eventually the cells organise them¬ 
selves into various primary tissues in the 
zone o f differentiation . The three zones 
are not very clearly distinguishable in the 
shoot apex due to the development of leaf 
primordia. 


Activity l: Germinate some bean seeds till 
the radicle is about 2 cm in length. Blot the 
seedlings to remove surface water and 
mark the root at 2 mm intervals from the 
tip backwards with a waterproof ink. 

- After the ink has dried, place the seedlings 


on moist blotting-paper in a petri dish and 
allow them to grow (Fig. 31.1). Observe 
the position of the ink marks after 24 
hours. Measure the intervals between the 
marks. What do your measurements 
indicate? 



Fig. 31.1 Detection of zones of elongation by the 
parallel-line marking technique. On the 
left is the seedling at the time of marking 
On the nght is the seedling after 24 horns 
growth. Zones A,B, C and D immediately 
behind the apex have elongated most. 


When does growth occur and at what 
rate ? Given suitable conditions, unicellu¬ 
lar organisms can multiply continuously, 
doubling at fixed intervals of time. How 
ever, when a culture is prepared in a ltin 
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jtgiamfiw^ 0 f nutnenl medium, growth 
isslovviaiiis ioitial stages due to the small 
nirtih er of cell s (lag PHASE). I lowever, in 
asiorttimeSenumber increases rapidly 
(exponential phase of growth). When 

tlie~ nutrienfs’~T5ecome limiting, growth 

slows down (stationary phase) (Kg. 
31.2). If theTuimbef of cells is plotted 
against time, a typical sigmoid or 
S-shaped growth curve is obtained {I ; ig 
31.2). A similar growth curve is shown by 
individual plant parts. 



Time 


Fia> 31.2 The sigmoid growth curve, This curve is 
charactcnsiic of single cells, suspension 
cultures, tissues, organs, organisms and 
populations. 

Activity 2: Measure the length of a whole 
leaf of wheat or any other cereal or the 
diameter of a tomato fruit, starting from 


the time it is tiny and just visible. "lake 
daily readings and plot your results on a 
graph paper. What sort of curve do you 
obtain ? 


Animal development follows a well- 
defined pattern. The animal body is com¬ 
pact and individuals of a species resemble 
one another rather closely. In a mammal 
the young animal generally looks like a 
miniature version of the adult. In angio- 
s perms the freshly formed seedling cannot 
be called a miniature plant as it does not 
resemble the adult. In a tree some parts 
die and disintegrate while other parts con¬ 
tinue to grow. T he height, the number of 
branches, their orientation, the number 
and shape of leaves vary markedly from 
plant to plant even within a species. No 
two mango trees look exactly alike. 

Growth in perennials continues 
throughout their life. However, in a calen¬ 
dar year the periods of active growth may 
be interrupted by periods of dormancy. 
Plants keep track of the time of year, the 
length of day and night, the direction of 
light, and gravity, and respond to these 
stimuli in various ways. Incoldermonths, 
.plant meta bolism slovwTdpwn anSThe 
plants become dormant. A dormant plant 
resumes growth " when th e environm ental 
conditions' becomeTa;TOUrabl eJThe part 
of the year when the plant shows maxi¬ 
mum vegetative activity is called the 
wowing season . The length of the growing 
season varies with the species, geographi¬ 
cal location, the climatic conditions pre¬ 
vailing at the time and availability of 
water and nutrients. You have leamt of 
growth rings in trees, These are indica¬ 
tions of the cyclic nature of the periods of 
dormancy and active growth. Trees grow¬ 
ing in temperate and subtropical regions 
with marked seasonal changes in grovvtb 
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show well-defined annual growth rings, 
but those growing in the more equitable 
climate of the tropics may not show such 
distinct rings. Some trees may produce 
more than one ring in a year, indicating 
more than one flush of growth per year. 

Besides having a distinct growing sea¬ 
son, plants also have a flowering and fruit¬ 
ing season when reproductive growth 
occurs. The onset and continuance of 
these complex processes during develop¬ 
ment of a pl ant are com rQTledbv environ- 
men talTacto rs^ heredity, metabolism and 
intern al signals. . 

Growth Regulators 

InjiLplanls-tbere occur minute quantities 
of certain chemical substances that regu- 
1 ate growth and, differentiation. These 
s ubstan c es ar e called PUNT growth 
REGULATORS Of PHYTQHORMQNES (See 
Box). Phytohormones can have a positive 
effect on a process and thus promote it . or 
they may have a negative effect and cause 
in hibition . A particular hormone may 
promote certain processes, inhibit some 
others, and not affect many others. In gen¬ 
eral, developmental processes are con¬ 
trolled by more than one growth regulator, 
acting syncrgistically (cooperative and 
beneficial) or antagonistically (acting in 
opposition) with one another. 

Auxins 

In the last sixty years or so a large number 
of growth regulators have been isolated 
from plants and their action studied. The 
first indication of their existence came 
from the work oiDarwin (1880). who was 
st udying the bending of the coleoptile of t a 
grass (Phalarls spT) toward ligh t. He was 
alBe to establish that it was the tip of the 
coleoptile which was able to perceive the 
light stimulus. The latter was transmitted 


to the subapical region (Fig. 31.3) where 
differential growth caused bending. Sub- 
s B^.lll^-OmcfcifinscQ US13.).was2bfc 
to show thatJhejsj|muluscouldbeJan*. 
milted through agar blocks "but not 
through pieces of mica (Fig,3l.4)7 Some 
yearTTaterWent'wisable to demonstrate 
the presence of a substance which could 
di ffuse into aga r bloc1SrHfi"also'made the 
importan t find i ng that the substance 
always mov ed from the tip (or ~apex) 
toward the base oF:oleoptile. Agar blocks 
containing the diffused substance when 
placed on decapitated coleoptiles could 
induce the action of the tips (Fig. 31.5). 
He ca l led this substance auxin (from the 
Greek word ’auxein’ to grow). Curiously 
enough, the first auxin was isolated from 
human urine. Presently the term ‘auxin’is 
appli ed to 1NDOLEACETIC ACID (IAA) and 
to natural a n d sy nthetic compounds.hav- 
i nalim iTar structure a nd growth re ttulat- 
ing properties. 


IAA, the principal natural auxin, has 
been found in all plants studied so 
far and fungi. Thejasual-SiaiLof 
jauxin synthesis are meristems and 
enlarging tissues. I t also occurs in fKT 
Yuman urine, especially in persons 
suffering from pellagra (niacin ($$ 
nicotinic acid deficiency). The roj^f 
of IAA in humans is not known, y* 


Functions of IAA'. Auxin promotes elonga¬ 
tion and growth of stems and roots’ amf 


in g cell walls tOLStretch in more than one 
d irection . Auxin promotes cell division in 
vascular cambium. The reactivation of 
cambium in the growing season is appar¬ 
ently triggered by IAA moving from the| 
developing shoot buds. Abxin alsd t>| 
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Fig. 313 Darwin’s experiment with the seedlings of canary grass, A. When the up of the coleoptile (a sheath 
that encloses the plumule) was exposed to unilateral light (see the direction of arrows) the colcop* 
tile bent towards light; B, No curvature occurred when the coleptile tip was excised; C. Placing an 
opaque cap on the tip of the coleopti le also prevented curvature; D. Curvature occurred when the 
seedling was buried in line black sand excepting the extreme tip of the coleoptile. 


motes root initiation. It causes the devel¬ 
opment of callus (a mass of pare nchyma¬ 
tous celiswi'thoutorRanTsation) in tissue 
cultu res? 7 

in most plant(the terminal bud at the 
apex of a shoot suppresses the develop* 
raent of lateral buds into branches. Thi$ 
phenomenon is teamed apical jqqml- 
NANCEjLateral buds start developing into 
branches when the apical bud is removed 
(Fig. 31.6). The process can be reversed if 
1AA is applied to the decapitated apex. 

t 


Apical dominance is thus under the con¬ 
trol of auxins. 

Another inhibitory effect of auxin is on 
ABS CISSION o f leaves and fruits, whic h 

Leaves and 

fruits must produce auxin continuously to 
prevent the formation of the abscission 
zone which cuts off their nutrient and 
water supply. Leaves are shed seasonally 
because they stop producing auxin. 

Uses of Auxin: A large number of synthetic 




Fig. 31.4 Boyscn-Jenscn's experiment. A piece of mice inserted on the shaded side prevented curvature of 
the coleoptile (A) but not when it was inserted on the illuminated side (B). When the tip was 
removed (C) but was put back with a block of gelatine (D), normal phoiotropic curvature 
occurred (E), 


auxins are presently being used in agricul- of defoliants used in Vietnam to expose 

turn, -2 ^4-dichloroohdhoxvacetic acid the forests exterminated the wild relatives 

(2ftDl is used to-destroy broad-leaved of economically useful plants such as 

weeds . 2,4-D does not affect mature mon- citrus. 

ocotyledonous plants. Naphthaleneacetic 

acid (NAA) and indole butyric acid (1BA) Oibbereliins 


are used for inducing the rooting of cut* The effect of gibberellins had been 
tings, particularly the woody ones, Foliar observed over a century ago. Japanese 
’ spray of NAA and Q.itTfcauses flow ering farmers had noted that certain rice seed- 
jnJtchj jnd pineapp le 7AuxinrhaveB££tr ' * Knits grew excessively tall and spindly and 
1 used to prevent premaMe fruMrop. The toppled over before seeding. This condi- 
methylester of naphthaleneacetic acid is tion was termed haknae (in the Japanese 


-used to prevent the sprouting of potatoes, 
Synthetic auxins have also been misused 
fey , people, large-scale aerial application 


language) or ‘foolish seedling disease’. 

In 1926 Kurosawa discovered that^M 
causal organism was a . fungu s;.,.^tl 
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Fig. 31.S Went’s experiment on the demonstration of auxin production in the lip of oat {Auena) coleoptiie. 
A. When the tip of the coleoptiie was cut off, no auxin was available for the remainder of the cole- 
optile to elongate. B. Excised tip of coleoptiie was placed on a cube of agar. C. Auxin diffused into . 
the cube (stippled). D. The coleoptiie lip was removed and the agar block containing auxin was? 
placed on one side or another decapitated coleoptiie. Auxin moved down the coleoptiie directly 
below it, and caused greater elongation of cells along that aide of the coleoptiie than on the oppo* 

, ; sue side. Curvature was caused by differential growth rates on the two sides. 








CH2-C00H 


indoleacetic acid (auxin) 


CH 3 COOH 


H \ / C 

^=0 

hn-ch 2 Cl 



Zeatin (cytokinin) 


\ r'* 

,c~c 

H H 


Gibberellic acid (gibberellin A 3 ) 


Ethylene 


GH 3 ch 3 



COOH 


Abscisic Acid 


The chemical structure for phytohoimones 



growth and development of flowering punts 


515 



Fig. 31.6 Apical dominance in plants. A. The presence of apical bud inhibits growth of the axillary (lateral) 
buds. Removal of the apical bud; B. A longitudinal section of the apical bud. Note shoot apical 
meristem with young leaf pnmordia promotes the growth of lateral buds into branches (C). 


lated from the culture of the fungus. The 
western scientists, however, came to Ieam 
of the existence of gibberellins only after 
World War II. Presently, more than 100 
different gibberellins have been identi¬ 
fied, many of them occurring naturally in 
plants. Of these, gibberellic acid or gibbe- 


rellin A ; is the most thoroughly studied, 
compound. 

Function of Gibberellins: The major sites of 
gibberellin production in plants are 
embryos , root s a nd young leaves n ear the 
shoot Tip . Gibberellins stimulate stem . * 
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elongation and leaf expansion, but have 
no effect on roots. The most striking effect 
of gibberellins is the elongation of genetic 
dwarf (mutants) varieties of plants such as 
corn and pea. Application of gibberellins 
to normal plants does not induce marked 
elongation. It is believed that certain types 
of dwarfness are due to gibberellin 
deficiency. 

Another specific example of the action 
of gibberellins is in inducing stem elonga¬ 
tion in ‘rossette' plants. Cabbage is a good 
example of such a plant in which leaf 
development is profuse, whereas interno- 
dal growth is retarded. Just prior to the 
reproductive phase, the internodes elon¬ 
gate enormously causing a marked" 
ugreascin stem hcig hfcTtrirfecaffed bolt- 
ggrTetpfirM' either long days or 


cold nightsTTF a "cabbage head is kept 
under warm nights, it retains its rossette 
habit. Bolting in cabbage qm be induced 
artificially by the ap plication of 

S3 




gibberellins undeLC Qmkuons„ 
normally maintain the rossette fo rm (Fig. 
31.7). 

Many seeds have high concentrations 
of gibberellins. At the onset of germina¬ 
tion, gibberellins stimulate the produc¬ 
tion of diges t ive enzym es such as prote¬ 
ases, amylaseirUpases* which help to 
mobilise stored nutrients. Even before 
these enzymes appear the hormone stimu¬ 
lates the production of messenger-RNA. 
Besides being involved in the breaking of 
seed dormancy and triggering germina¬ 
tion, gibberellins function i n breaking th e 
bud .dormancy . In this gibberellins act 
Tmtagonisticafiy to another hormone, 


, AESCISIC ACID, 

Gibberellins, along with auxin, control 
fruit growth and development. 
Gibberellins cause parthenocarov in 
p ome fruit s (appfeTpear) and are nowusS3 



Fig. 31,7 Boiling in cabbage induced by gibberellin 
application. On the left are two control 
plants. The three plants on the right 
received a weekly dose of 0.1 mggibberel- 
lic acid. Note the enormous elongation of 
the stem and flowering (Photo: Professor 
S. H. Wittwer, Michigan Sta’e Univer¬ 
sity, East Lansing Michigan, U. S, A), j 
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ia India to increase the fruit size and 
bunch length in grapes. GibbereJtim con- 
trol flowering jn long-Day punts and 
SEXEXPRESSioN in certain species. Ingen- 
eraTgiBBereirfhs promote the production 
of male flowers (either in place of female 
flowlre^n~inonoecious plants such as 
cucurbits or in genetically female plants 
such as CannabUi). 

Cytokinins 

The discovery of cytokinfns is an offshoot 
of the efforts of scientists to find chemical 
substances that would enhance the growth 
of mature plant cells and tissues in cul¬ 
ture. Two substances were found to be 
effective—coconut milk and degraded 
samples of yeast DNA. The active ingredi¬ 
ent in both of these turned out to be a 
modified form of adenine (one of the 
bases in nucleic acids). The substance was 
called KINETIN (6-furfurylammopurine) 
because it promoted cell division 
(cytokinensis). The group of compounds 
thus came to be called cytokinins. They 
are produced in actively growing tissues 
such as embryos, developing fruits and 
roots. 

This group of hormones almost never 
acts alone. In conjunction with auxins, 
cytokinins stimulate cell division even in 
non-meristematic tissues. In tissue cul¬ 
tures of parenchyma, mitoses are acceler¬ 
ated when both auxin and cytokinin are 
present; no response occurs with auxin or 
cytokinin alone. Furthermore, the ratio of 
cytokinins to auxins controls cell differen¬ 
tiation. When both are present in rela¬ 
tively equal quantities, cells divide but do 
not ■ differentiate. If there is more 
cytokinin than auxin, shoot buds develop 
from a callus (derived from tobacco pith). 
If there is relatively more auxin than 
cytokinins, roots develop. Thus the pro¬ 


portion of these two hormones controls 
organ formation in callus tissues. Interest¬ 
ingly these two hormones act antagonisti¬ 
cally in the control of apical dominance. 
Auxin stimulates the growth of apical bud 
and cytokinins promote the growth of lat¬ 
eral buds. 

Cytokinins can retard ageing of plant 
organs by controlling protein synthesis 
and mobilisation of resources. Cut leaves 
dipped in cytokinins stay green longer 
than the control leaves. Cytokinins induce 
flowering in certain species and also break 
the dormancy of some seeds. 

EthyUrJ^ a o^ ^ ** M ^ " v ) 

You must be familiar with the saying that 
a ripe or injured fruit in a basket hastens 
the ripening of other fruits. Kerosene 
lamps and hay have been used by mer¬ 
chants to hasten colour development in 
fruits. It is only recently that scientists 
have learnt that these effects are due to 
ethylene. Ethylene is unique in being the 
only g aseous natu ral plant growth regula- 
torTSomc of the inhibitory effects earlier, 
"attributed to auxin, are now known to be 
caused by ethylene. High concentrations 
of auxin induce ethylene formation. It is 
probable that this mechanism operates in 
the inhibition of root growth and develop¬ 
ment of axillary buds. 

Ethylene modifies growth by inhibiting 
stem elongation and stimulating trans¬ 
verse expansion so that the stem looks 
swollen, Ethylene accelerates abscission 
of leaves, flowers, and fruits. It is "also 
responsible for the changes that take place 
during fruit ripening. Ethylene is associ¬ 
ated with th e process of ageing of plant, 
organs and t riggering th e, ripening of fruits' 
such as banana and citrus. Ethylene appli¬ 
cation increases the number of female t 
flowers and fruits in cucumber plants, 
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Auxins, gibbcrellins and cytokinins arc 
usually termed ‘growth promoters’. Physi¬ 
ologists were aware that plant growth 
required promotion as well as inhibition. 
They were looking for control mecha¬ 
nisms that would cause retardation of 
growth during exteremely cold or dry sea¬ 
sons. In the quest for naturally occurring 
substances that were responsible fofJ?ud 
dormancy and leaf abscission, plant phys¬ 
iologic a growth regulator in 

the mid 1960’s and called it ABSCISIC aCID 
(ABA). ABA is of widespread occurrence 
in plants and usually interacts with other 
growth regulators. It inhibits mitoses in 
vascular cambium and causes active axil* 
lary buds to become dormant with the 
approach of winter. ABA is also involve d, 
in th q dormancy of seeds. Dormant seeds 
germinate when ABA js over come b y 
(Ubberellins . ABA~appiication to leaf 
causes the treated areas to become 
yellow—an effect opposite to that of 
cytokinin. 

A BA also a cts as a ‘stress hormone’, 
h elcrnTtlTeL P1M J6 SBPg-Wftft adverse 
environmenta l conditions. For example, 
under severe drought, "ABA prevents 
water loss by causing stomatal closure. 

Interactions among Growth Regulators 
From the above account it is inferred that 
phytohormones do not act singly. All 
developmental processes in plants are reg¬ 
ulated by phytohormones acting synerge¬ 
tically or antagonistically. As already 
explained, interactions between auxins 
and cytokinins control differentiation of 
organs in callus cultrues. ABA and 
gibberellins regulate bud dormancy, cam* 
bial activity and seed germination, 

Control of Plant Development 

In the life of most plants three distinct 
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phases may be recognised; (i) seed germi¬ 
nation and vegetative growth phase, («) 
reproductive phase (flowering), and (iii) 
senescence and death. We shall now 
examine how the three phases of plant 
development are controlled. 

Seed Germination and Vegetative Growth 

You have studied in the last chapter that 
the sexually produced embryo develops 
within the seed. A significant feature of 
embryonal development in plants is that it 
stops growth and becomes dormant, 

Along with the dormancy of the embryo, 
the seed begins to lose its water content, 
Metabolic activities come to a virtual 
standstill as the seed coat becomes 
increasingly impermeable to oxygen and 
moisture. The embryo is now in a state of 
suspended animation. It is alive but 
hardly shows any signs of it. This is usu¬ 
ally the stage when the seed (grain in cere¬ 
als) is separated from the parent plant and 
is dispersed. The separated seed often lies 
in the ground and appears to wait for 
favourable cues (signals) and inputs from 
tire environment to burst into life again.. 
Obtaining these necessary conditions, the 
dormant embryo resumes metabolic 
activities and growth, a process we call 
seed germination. 

Conditions for Seed Gemination: Most 
seeds germinate on providing them with 
water and oxygen, the inputs which were 
withheld during seed formation and- 
establishment of dormancy. However, in 
some seeds, dormancy may be broken 
only with additional signals from the envi¬ 
ronment. Though germination occurs 
over a wide range of temperature 
(5-40°C), the optimum is often around 
25-30°C. _ t , fa 

The first step in Rerminationj sJMgllbg 
tion or uptake of water by the dehydtate<T,y 
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During germination in lima bean, the seed coat splits and the radicle comes 
out fust and establishes a tap root. The hy pocotyl forms a loop which subse¬ 
quently straightens out to lift the cotyledons above the soil. The food stored 
in the cotyledons is used up and the plumule grows into a shoot. 

In maize, the single cotyledon never leaves the germinating grain. The plu¬ 
mule grows out of the coleoptile, pushing the soil. The radicle grows down, 
penetrating the coleorhtza. New roots arise from the axis to form the adven¬ 
titious root system. 



i , x - 1 j ,'•$ 

Seed gemination in lima bean (left) and maize (tight) 
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^eedr. Imbibition causes the seed to swell 
,as the cellular constituents are rehydrated. 

It takes place with great force. It ruptures 
the seed coat and enables the radicle to 
emerge, (See Box for details of the process 
of seed germination in bean and maize.) 
I mbibi tion is due to rehydration of struc¬ 
tural and stora ge macromolecules, chiefly 
the cell walTamf storage polysaccharides 
and protein s. Many seeds have additional 
polysaccharides not commonly found in 
vegetative tissues. Imbibition can take 
place against great compressive force. 
Seeds packed dry in a bottle can crack it as 
they imbibe water and swell. 

Imbibition of water causes resumption 
of metabolic activity. Initially metabo¬ 
lism may be anaerobic (due to the energy 
provided by glycolysis) but it soon 
becomes aerobic as oxygen starts entering 
. the seed. The seeds of water plants, as also 
rice, can germinate under water by 
utilising dissolved oxygen. The seeds of 
plants adapted to life on land cannot ger¬ 
minate under water as they require more 
oxygen. It is for this reason that most 
seeds are planted in loose soil near the 
surface. 

K i 

Breaking of Dormancy in Seeds', Seeds may 
not germinate either because they are not 
viable, that is dead, or because of contin¬ 
ued dormancy even if proper conditions 
" for germination are provided. You have 
already learnt in Chapter 30 about the 
k causes of seed dormancy and the methods 
i of breaking dormancy. 

In some plants, light plays an impor- 
; tant role in germination. Certain varieties 
» of lettuce and tobacco do not germinate in 
r darkness but quickly do so when exposed 
to light even briefly. In these light- 
5 sensitive seeds, the red region of the visi¬ 


ble spectrum is most effective for germi¬ 
nation. The far-red region (the region 
immediately after the visible red region) 
reverses the effect of red light and makes 
the seed dormant. The red and far-red 
sensitivity of the seeds is due to the pres¬ 
ence of a proteinaceous pigment called 
PHYTOCHROME. Phytochrome is a regula¬ 
tory pigment which controls several light- 
dependent developmental processes 
in plants besides germination' in 
light-sensitive seeds. These include 
phOFdmofrphogenesis and flowering in a 
variety of plants. 

Phytochrome and Reversible Red—Far-red 
Control of Germination: When brief expo¬ 
sures of red (R: 660 nm) and far-red (FR; 
730 nm) wavelengths of light are given to 
soaked, light-sensitive lettuce seeds in 
close succession, the nature of the light 
provided in the last exposure determines 
the response of seeds. Germination occurs 
if it is red light (R) and germination is 
inhibited if it is far-red (FR) as shown 
below: 

R.germination 

R + FR.no germination 

R+ FR + R .germination 

R+ FR + R + FR .. .no germination 
The pigment phytochrome that absorbs 
these wavelengths of light exists in two 
interconvertible forms, the red absorbing 
or P r form and the far-red absorbing or 
P rr fonn. On absorbing red light P r 
becomes P ft . P ft becomes P r either rapidly 
by absorbing far-red light or slowly in 
darkness. Germination and also other 
phytochrome-controlled processes are 
promoted by P fr . Red light is needed to 
promote these. Darkness (or far-red) pro¬ 
motes P, formation which induces dor¬ 
mancy and inhibits germination. 
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slow conversion in dark 


Light requirement may be replaced by 
hormones such as gibberellins or 
cytokinins. Several developmental pro¬ 
cesses of plants controlled by phyto¬ 
chrome may be mimicked by appropriate 
hormones given singly or in combination 
at the correct time. 

Mobilisation of Reserves during Seed Ger¬ 
mination: During germination the cells of 
the embryo resume metabolic activity and 
undergo division and expansion. Stored 
starch, protein or fats have to be digested. 
These cellular conversions require energy 
provided by aerobic respiration. 

Depending on the nature of the seed, 
the reserves may be chiefly in the endo¬ 
sperm (cereal grains, many monocotyle¬ 
dons and castor) or in the cotyledons 
(many dicotyledons such as peas and 
beans). The mobilisation of reserves from 
the endosperm to the embryo via a Shield- 
like cotyledon has been thoroughly inves¬ 
tigated in several cereal grains. The outer 
layer of special cells (aleurone layer) of 
the endosperm produces and secretes 
hydrolysing enzymes (such as amylase, 
proteases) which cause the breakdown of 
starch and proteins in the inner endo¬ 
sperm cells. Sugars and amino-acids so 
formed are transported to the embryo via 


the cotyledon. Gibberellic acid plays an 
important role in initiating the synthesis 
of the hydrolysing enzymes. As 
explained earlier gibberellin therefore 
promotes germination and early seedling 
growth. Significantly, the dormancy- 
inducing hormone, ABA, prevents 
the germination-promoting action of 
gibberellin. 

ABA has been shown to increase during 
the onset of dormancy of the embryo dur¬ 
ing seed development in several types of 
seeds. When young cotton embryos are 
removed and grown in culture, they con¬ 
tinue to grow without any dormancy. Dor¬ 
mancy can be induced by adding ABA at a 
crucial stage of growth. 

The developing seeds of some plants, 
such as mangroves, germinate within the 
fruit while still attached to the parent 
plant, This is called vivipary. The man¬ 
grove plants therefore shed dart-like seed¬ 
lings instead of seeds. These seedlings fall¬ 
ing into the marsh immediately strike 
roots and establish themselves rather than 
get drifted away if shed as dormant seeds 
as during a high tide. The transition from 
the vegetative (juvenile) to the flowering 
(adult) stage may take several years in 
trees but only a few weeks or days in annu¬ 
als. The onset of flowering has been a most 
fascinating subject of study. 

Reproductive Phase (Flowering) 

That the reproductive phase has started in 
a plant can be recognised by the initiation 
of flower primordia in the apical and/or 
lateral shoot meristems. Often it is much 
later that flowers can be seen by the naked 
eye. Some species come to flower in a par¬ 
ticular season, while others remain in the 
vegetative phase. Some other plants, such 
as tomato and cucumber, can bloom all 
through the year if temperature for thej.r 
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growth is adequate. Naturally, many ques¬ 
tions arise. How do plants which flower in 
a particular season, schedule their repro¬ 
ductive phase so precisely ? What controls 
flowering ? 

You know that the daily and seasonal 
fluctuations in a particular location are 
directly related to latitude. For example, 
at the equator day length is of 12 hours 
duration all through the year, and the tem¬ 
perature is also fairly constant. In Singa¬ 
pore, for example, there is no marked var¬ 
iation in the average day length or 
maximum and minimum temperature. As 
one moves further from the equator, vari¬ 
ation in day length and temperature dur¬ 
ing the various seasons of the year 
becomes more marked. Environmentally, 
the long warm days of summer are quite 
distinct from the short, cold days of win¬ 
ter. In the northern and southern latitudes 
plants take their cue for flowering From 


the environmental conditions. The two 
main environmental factors that control- 
flowering are day length or photoperiod 
(daily duration of light) and temperature. 

PhatoperiodismiPfanls which respond to 
changes in the relative length of day and 
night are said to be photoperiodic. 
They exhibit the phenomenon of 
PHOTOPERJQ0ISM • 

* In response to photoperiod the flower¬ 
ing response of angiosperms falls into 
three basic categories : (i) short-dxy 
PLANTS initiate flowering when the day 
become shorter than a certain critical 
length. If these plants are kept in dav 
lengths in excess of this critical point, they 
will remain vegetative. Common exam¬ 
ples of ,s hort-day plan ts jire^cqcldebur 

cane, tobacco (mutant 'Maryland mam- 
'm6tP)~~and soybean, (ii) . LONG-DAY 



Fig. 31.8 Effect of day length on flowering 
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PLANTS begin flowering when the day 
length exceeds a critical length. Some 
common examples of long-day plants are 
spinach ( Spina cea oleracea t), radish, sqgat- 
beet and henbane "(Hyoscyamus niger), (Hi) 
dayneutral punts flower after a per¬ 
iod of vegetative growth, regardless of the 
pfio TBperfod TFig . 31.8). Some common 
examples of this category of plants are 
tomato, cucu mber, cottor usun flower.and- 
soi gg-varreti^orpea. The critical day 
length of both' long-'day and short-day 
plants tends to fall in the 12 to 14 hour 
range. Commercial flower-growers can 
induce or retard flowering by regulating 
the photoperiodic and temperature 
conditons in glasshouses to meet the 
demands of the market. The photopeiv 
odic responses of plants are now known to 
be under the control of genes. These can 
be modified by various methods to yield 
varieties responding to required day 
lengths. For instance, scientists at the 
National Botanical Research Institute, 
Lucknow, have been able to breed varie¬ 
ties of Cluysanthetncm which cam-bloom 

in different tnnnthS-nfjrhft-yea.r.inrliiding 
sumiflar. 

The terms long-day and short-day 
plants are actually misnomers. When pho- 
toperiodism was discovered, the duration 
of the light period was thought to be criti¬ 
cal for flowering. However, subsequently 
researchers found that when the long- 
night period was interrupted in short-day 
plants, by a brief exposure to light, they 
failed to flower (Fig. 31.9). In other words, 
the requirement is actually for a long night 
or a critical dark period rather than for a 
short day length. Similarly, long-day 
plants respond to nights shorter than the 
critical dark period. Curiously long-day 
plants do not need an uninterrupted dark 
night. Thus a short-day plant is more 


appropriately called a long-night plant 
and a long-day plant as a short-night plant 
even though the earlier terminology con¬ 
tinues to be used. 

Physiologists were also curious to find 
out whether flowering depended on the 
quality of light. In the night interruption 
experiments, flowering was inhibited 
when the short-day Rlants were exposed to 
red light (660 nm). if this was followed by 
exposure to far-red light (740 nm) the 
effect was reversed. As with seed germina¬ 
tion experiments, the R, FR exposures 
given in succession showed that in flower¬ 
ing also the last exposure determined the 
response (Fig. 31.9). Thus flowering is 
also a phytochrome-mediated process. 

One important question that needs to 
be answered is: what part of the plant per¬ 
ceives the light stimulus ? It has been dem¬ 
onstrated that a plant from which all 
leaves have been removed fails to flower 
even under the inductive light regime. 
Further confirmation came from experi¬ 
ments with Xanthium, a short-day plant. 
Even if one-eighth of a leaf was exposed to 
short days, flowering occurred. Further, a 
single leaf exposed to short days was able 
to induce flowering when it was grafted on 
to a plant kept under non-inductive 
conditions. 

These Findings indicate that some sort 
of stimulus moves from the light-exposed 
leaves to.the shoot to induce flowering. 
The floral stimulus is not species-specific 
because grafting an induced twig of 
Xanthium onto a vegetative soybean plant 
can cause the latter to flower. 

The nature of the flower-producing 
stimulus has been widely debated. Some 
plant physiologists have proposed the 
existence of a flowering hormone- 
‘florigen’. Unfortunately, florigen has 
never been isolated. However, research 
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has indicated that flowering is controlled 
by the interplay of auxins, gibberellins, 


Vernalization was first studied in 
Europe on the winter varieties of 
cereals such as wheat, barley, oats 
and rye. When sown in spring, they 
failed to flower the same year but 
only grew vegetatively. Such winter 
varieties sown in the autumn of the 
preceding year flowered in spring the 
next year. By vernalization, such 
winter varieties could be made to 
flower the same year. 

Vernalization treatment is given 
as follows: Seeds are moistened suf¬ 
ficiently to allow germination to 
begin. They are then exposed to a 
temperature of 0-4°C for a few 
weeks. When sown in the spring such 
vernalized seeds produce a crop in 
the summer of the same year. This 
technique was developed in the 
USSR to avoid kilting of cereals in 
severe winters. The cold stimulus is 
perceived by the shoot apical meri- 
stem. Grafting a cold-treated twig 
onto an untreated plant brings about 
flowering in the latter, showing 
thereby the existence of a cold- 
induced stimulus, called vernaun. 
The chemical nature of veraalin is 
not known. However, gibberellins 
can substitute for cold treatment in 
certain species. 


cytokinins and ethylene. Hormone appli¬ 
cation can substitute for the necessary 
photoperiod and can trigger floral devel¬ 
opment in certain plants. 

Vernalization : Te mperature ha s a pro- 
jgMd effect on fl owering.Hff~lias~beeir 


found that certain plants will flower only 
when they are exposed to low tempera¬ 
tures for a few or several weeks. This low 
Temperature requirement for flowering is 
called vernalization. It is important to 
note that vernalization itself does not 
induce flowering. It prepares the plant to 
flower. 

Senescence and Death 

The production of flowers, fruits and 
seeds in annuals and biennials leads to 
senescence . Senescence may be defined as 
the period between reproductive maturity 
"and death of a plant or a plant part. Dur¬ 
ing senescence The functional capacity 
decreases, cellular breakdown and meta¬ 
bolic failures increase. In rice, wheat, 
gram and mustard the whole plant dies 
after seed production. This is referred to 
as whole plant senescence. Such a con¬ 
dition is observed even in monocarpic 
(living for se v eral years but {lowe ring 
onceTpiants such as certain bamboos and 
Tago palm. In many other perennial 
plants, the tips of main shoot and 
branches remain in a meristematic state 
and continue to produce new buds and 
leaves. The olded eay.es andlateral organs 
s enesce an d die. This is called seq ue n¬ 
tial SENESCENCE . Inr certain perenni als 
* - Inch as J janana-aad-gladio h Tsrtiie-^ove- 
ar ound part of the shoot dies each year 
af to floweringan^HTrin llM 
Snuler&round part (stem and roo tsljay- 
vi ves antTputs out new shooTslgain nex t 
year . This^c ondItion-iS-J£rme5 SHOOT 
SENESCENCE. I n temperate decxduSWH- 
trees such as eifn and maple all the leaves 
are shed in late autumn (October). This is • 
SIMULTANEOUS Or SYNCHRONOUS SENES, ■ 
CENCE (Fig. 31.10), Biologically senes- ^ 
cence and death have manifold advam ff 
tages. Old and inefficient ; organ^arey. 
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senescence 


Progressive or 
sequential 
leaf senescence 


Fig, 31.10 Types or plant and leaf senescence 


replaced by young and developing leaves, 
buds, flowers and fruits. In certain trees 
i- when the-o lder organs are shed, nutrie nts 
are withdraw n i nto the main trun k and 
later diverted to th e younger part s? Lea f 
Tall reduc es transpiration loss, which is 
essential for survival in winter when the 
soil is trozen ancTroots cannot absorb 
water. Further, leaf litter releases minera l 
nutrients to the soil which are available 
for reutilisation.. 

Movements 

Unlike animals, plants are anchored to a 
spot and do not move. They are subject to 
, movement by forces of wind or water. But 

v ,dP plants move on their own ? Yes, plants 

ii/ 1 


are in continuous motion. It is so slowthat 
it is difficult to see. Time-lapse cameras 
can capture the twining of a vine arounda 
support or the stately dance of a coiling 
tendril. Movements of plant parts are gen¬ 
erally classified as growth moveme nts 

and TURGOR MOVEMEN TS. 

Growth movements are due to differ¬ 
ential (or unequal) growth. Cells in one 
part of the affected organ grow faster than 
in another part, thus changing its position. 
Turgor movements are due to differences 
in water potential of the affected organs 
and these are reversible under changed 
conditions. However, growth movements 
are less easily reversed. Some growth 
movements are seif controlled (AUT0- : 

'iff a 
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noMIC), such as in nutation where the 
spatial twisting of the stem occurs as it 
grows. Others are induced by external 
stimuli (PARATONIC). The paratonic 
movements may be further classified into 
tropic movements which are responses 
to stimuli chiefly from one direction and 
nastic movements which are caused but 
not directed by external stimuli as will be 
explained below. 

T ROPiSMS can be o f various. types 
d epending on the nature of the external 
s timulus ; for example geqtr opism or 
graVITOTROPIS M (response to gravity), 
THIOMOTROPISM (response to touch), 
t hermotropism (response to tempera¬ 
ture), HYDROTTtoPiSMj response to water), 
CHEMOTROPISM1 r esponse to chemicals) 
and phototrqpism " (response to light). 
The most common of these is the bending 
of plants towards light which may be 
observed by keeping a potted plant near a 
window. Nastic movements are not direc¬ 
tional like tropic movements. Th&open- 
ing of aflower with a change in light inten¬ 
sity is*T ^HOTQNASTKr'fespons 'e. SIe'ep' 
movements in many leguminous plants 
such as siris (Albizia lebbek) or rain 
tree Samanea samari) are * called 
NYCTINASTY - 

Turgor movements result from differ¬ 
ential changes in turgor of some cells. The 
rollin g of leaves of many grasses in "Siry 
weather is caused By the loss oF furgor and 


cqI lapse of large thin walled rulliform 
.cells _on the surface. The movement in 
Mimosa pudica (touch-me-not) which is 
sensitive to touch, is also an example of 
turgor changes. 


When a plant of Mimosa is touched 
its leaves collapse and leaflets fold 
together. It is one of the rare plant 
movements that can be easily seen. 
This occurs in a second or two 
because of the loss of turgor by cells 
within the pulvini (specialised 
motor organs located at the joints of 
leaf). The motor cells suddenly 
become flaccid. After stimulation 
they lose K+ ions which causes 
water to leave the cells by osmosis. It 
takes about ten minutes for the cells 
to regain the turgor and the leaflets 
to open out. 

A remarkable feature of the rapid 
leaf movements is the transmission 
of the stimulus through the plant. 

.. From the point of stimulus the mes¬ 
sage to respond travels in waves 
through the plant at a speed of about 
one centimetre per second. Certain 
chemical substances may play a role 
in transmission. Electrical impulses,' 
called action potentials, just like the 
nervous messages in animals, have 
been detected in Mimosa pudica. 


SUMMARY 


A seedling of a flowering plant represents only a fraction of the final condition 
attained by the adult. Plant growth represents an irreversible increase in size, weight, 
or volume. To sustain growth, the rate of anabolic processes must exceed that of cata¬ 
bolic processes. Active cell divisions occur in apical meristems (shoot and root) and 1 
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in lateral meristems (cambium, phelloderm, leaf bases etc.). As new cells are formed, 
the older cells enlarge, differentiate and come to occupy various positions in the 
plant body and take up specific functions. 

When the growth of an annual plant or of a plant organ (c.g. leaf or fruit) is mea¬ 
sured and plotted as a function of time, a sigmoid curve is obtained. It shows lag, 
exponential and stationary phases. Whereas the life-cycle of an annual is terminated 
by fruiting, growth in perennials is continuous. It is interrupted by periods of dor¬ 
mancy. In the trees of the temperate and sub-tropical regions, well-defined annual 
growth rings are observed in the wood as seasons are well-marked. In a flowering 
plant a period of vegetative phase (juvenile phase) precedes the reproductive phase 
(adult phase). These phases are controlled by internal and external factors. 

Among the internal factors certain naturally occurring chemical substances, 
called growth regulators or phytohormoncs, are important. These include auxins, 
gibberellins, cytokinins, ethylene and abscisic acid. 

Auxins cause cells elongation, cell division in vascular cambium, root initiation 
and callus formation. Auxins are also involved in apical dominance and abscission. 
Synthetic auxins are used as herbicides, rooting hormones and for prevention of pre¬ 
harvest fruit drop. 

Gibberellins cause the elongation of stems of genetically dwarf plants. The major 
sites of gibberellin production are embryos, roots and young leaves. Gibberellins 
cause bolting of rosette plants and induce production of hydrolysing enzymes in ger¬ 
minating seeds. Gibberellins break bud dormancy, induce parthenocarpy and substi- 
tute for long day requirement in long-day plants. 

Cytokinins promote cell division even in non-meristematic tissues. In association 
with auxin, cytokinin controls cell differentiation and formation of shoot buds in cal¬ 
lus tissues. Cytokinins are involved in the retardation of senescence, induction of 
flowering and breaking of seed dormancy. Ethylene is a gaseous hormone implicated 
in abscission of organs and acceleration of fruit ripening. 

Abscisic acid (ABA) is a growth inhibitor. Prevention of cell division and dor¬ 
mancy of buds, tubers and seeds are attributed to ABA. 

Plant growth results from promotion and inhibition, mediated by the interaction 
of phytohonnones. 

Plant development begins when the embryo in a dormant seed recommences its 
growth as the factors that impose dormancy are overcome by various types of influ¬ 
ences. Availability of water and oxygen and a suitable temperature are important 
requirements. As dormant seeds imbibe water, theirmetabolic activities are initiated 
and reserve food materials are mobilised. In many seeds, germination is controlled 
by light, Red light stimulates germination and far-red light retards it. In such seeds 
germination is under the control of the pigment phytochrome which exists in two 
, interconvertible forms p r and p fr . Light requirement for germination can be substi¬ 
tuted by gibberellins or cytokinins. Abscisic acid induces dormancy and gibberellins 
break it. 

Reproductive growth is characterised by the formation of flowers. The exact 
mechanism that initiates flowering in all plants is not known. However, in several 
plants flowering is under the control of daily length of light (photoperiod) and tem- 
- P er ®l ure - Short-day plants are those that flower when the day length is below a certain 
,. critical level. Long-day plants are those that flower when the day length exceeds the 
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critical day length. It is the dark period which is critical for flowering. The plants 
whose flowering is not affected by day length, are termed day-neutral. 

Phytochrome plays an important role in flowering. Although some physiologists 
believe that a universal flowering hormone ‘florigen’ exists, it has not been isolated. 
The low temperature requirement for flowering is called vernalization. 

In annuals, biennials and monocarpic plants, flowering and fruiting lead to whole 
plant senescence and death. Senescence involves gradual cessation of functional 
activity and cellular breakdown. In certain plants only the aerial shoot dies but the 
underground parts survive and put out fresh shoot (s). In perennials flowering and 
fruiting occur at definite seasons but they do not trigger ageing of the plant. Only 
leaves, flowers and fruits are shed periodically. Continuous replacement of organs 
maintains a plant's efficiency and helps in the recycling of nutrients. 

Flowering plants show growth movements and turgor movements. Growth move¬ 
ments are so slow that they can be observed through time-lapse photography. Some 
growth movements are self-controlled e.g. nutation. Others are induced by external 
stimuli such as light, gravity or contact. Turgor movements are due to differences in 
water potential in different parts of the plant. 


QUESTIONS 


1. Explain the biological meaning of growth. In what essential ways does plant 
growth differ from animal growth ? 

2. Tick (V) the correct sfaswers in each of the following: 

(a) The maximum growth rate occurs in 

(i) exponential phase 

(ii) lag phase 

(iii) stationary phase 
(i^s€nescent phase 

(b) The hypothetical ‘florigen’ could be released prematurely in a long-day plant by 
exposing it to 

(i) far-red light during the day 

(ii) far-red light during the night 

(iii) red light during the day 

(iv) red light during the night 

(c) Mobilisation of stored food in germinating seeds is triggered by 

(i) auxins 

(ii) cytokinins 

(iii) gibberellins 

(iv) ethylene 

3. Discuss the role of interaction among phytohormbnes in the development of 
plants, giving suitable examples. 

4. Explain how the method of science operated in the discovery of auxins. 

5. Explain the role played by phytochrome in seed germination. 

6. Explain how it is possible that a short-day plant and a long-day plant growing in 
the same location could flower on the same day of the yqar. , 
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7. Distinguish between 

(a) Tropic and nastic movements 

(b) Phototropism and photoperiodism 

(c) Long-day and short-day plants 

8. (a) Why is the term long-day plant a misnomer 7 

(b) What is the difference between ‘florigen' and other growth hormones ? 

9. Define senescence. What are the various types of senescence observed in plants ? 
Can senescence be retarded by growth regulators.? 

10. Discuss the role of growth regulators in agriculture, 

/ 
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UNIT SIX 


Multicellularity in Animals 


The multicellular animal body is made up of many cells of diverse types. These 
cells show a wide range of structural and functional specialisations. Still, all of 
them retain remarkable similarities in their basic structures and fundamental cel¬ 
lular process. A considerable division oflabour evolves among the cells of amulti- 
cellular animal and improves the performances of the organism. Specific types of 
cells, joined by intervening extracellular materials, constitute a tissue. Each tissue 
serves specific functions, some covering surfaces and secreting juices, some con¬ 
ducting information, some bringing about movements of body parts and locomo¬ 
tion, and some joining different tissues with each other. Functions of a tissue 
emerge from the cooperation and coordination between its cells. Several types of 
tissues are set together in an organ with specific functions. Several organs are in 
turn organised into an organ-system entrusted with some major biological activi¬ 
ties. A coordination between the organ-systems maintains the life of the organism. 

Animals acquire energy in the form of food materials. The digestive system car¬ 
ries put the hydrolysis of large complex organic molecules of food into simpler and 
smaller molecules and absorbs them into the body. These small molecules are sub¬ 
sequently used either in generating energy through oxidation or in building up 
large complex molecules characteristic of the particular species. Carbohydrates 
and fats are mainly used as fuel for producing energy. Proteins are mainly utilised 
in forming structural, carrier and catalytic molecules in the body. Vitamins and 
minerals mainly help in various chemical reactions as coenzymes or cofactors. 
Some of the minerals like calcium and phosphorus enter into structural compo¬ 
nents of the body also. Deficiencies of these nutrients produce various 
malnutritional diseases. 

To oxidise the food molecules for energy production, the animal has to take in 
oxygen from the surrounding environment. It has also got to eliminate the carbon 
dioxide produced by such oxidation. The respiratory system carries out the 
exchange of these respiratory gases between the animal and the environment. 

Nutrients, respiratory gases and hormones have to be distributed to the organs 
and tissues in different parts of the body. Waste products have also to be carried 
from different tissues to the organs of the excretion. All these are transported in 
the blood which is circulated throughout the body by the circulatory system. The 
excretory system removes the waste products from the blood and eliminates them 
from the body to maintain the constancy of the internal environment of the body./. 
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To remain alive, the animal must get acquainted with the changes occurring 
inside and outside its body. It must also respond suitably to such changes. For 
these purposes, information has to be transmitted between different parts of the 
body. This is done in two ways. The nervous system conducts the information in 
the form of propagated electrical potentials called nerve impulses, The endocrine 
system secretes a number of hormones which are carried by blood to different tis¬ 
sues and organs. Nerve impulses and hormones regulate the activities of tissues 
and organs to control body activities. 

The skeletal system supports the weight of the body and protects the internal 
organs. The muscular system carries out movements of organs as well as locomo¬ 
tion of the animal, The reproductive system is entrusted with the responsibility of 
continuing the species through reproduction, 

With the evolution of multicellularity, cells have increased both in number 
and in diversity in the animal body. Division of labour between the cells requires 
them to function in a well-concerted and integrated manner. Functions of each 
organ depend on the cooperative and collective actions of many cells of diverse 
types. Functions of each system result in turn from the coordinated activities of 
more than one organ. Life is maintained by the coordination and cooperation 
between all the organ-systems. In spite of their diversities, all cells of the multicel¬ 
lular body have to function with a considerable degree of unity among themselves. 

The story of animal development is a fascinating one. The multicellular ani¬ 
mal begins its life as a single cell—the fertilised egg. To attain specific 
organisation, it passes through a series of dynamic changes. Three basic events of 
these changes are cell multiplication, movement of cells, growth and tissue differ¬ 
entiation leading to the emergence of the characteristic form and structures. With 
the development of organs and organ-systems, the animal attains the functional 
state as an individual, Interestingly, the developmental changes continue 
throughout life of the individual in the forms of growth, repair, regeneration and 
finally ageing. 



CHAPTER 32 


ANIMAL TISSUES 



The single cell of a unicellular organism 
performs all life activities. Many cells 
share the biological activities of a multi¬ 
cellular organism. Cells of multicellular 
organisms undergo differentiation and 
each type of cells is specialised for a lim¬ 
ited number of specific functions. In the 
multicellular organism, cells coordinate 
their activities, support one another, 
exchange nutrients, metabolites and pro¬ 
vide information. They influence and 
modify each other’s performance and 
even replace dead or lost cells. The exis¬ 
tence of a multicellular organism depends 
on such cooperative and integrated activi¬ 
ties of all the constituent cells, even 
though they maintain their individuality 
for many basic biological processes. 

Organisation of Tissues, Organs and 
Organ-Systems 

With specialisation and differentiation, 
cells develop a considerable degree of 
division of labour among themselves in 
the multicellular animal body. This 
improves their performance. Cells also 


form EXTRACELLULAR or INTERCELLULAR 
Materials. These materials surround the 
individual cells, separate them from each 
other and bind them together. One or 
more types of specialised cells are set in 
specific extracellular materials to consti¬ 
tute a tissue. 

The nature and amount of extracellular 
material vary from tissue to tissue. In 
some tissues, the e xtracellular materi al is 
li mited to very thin lay ers, just separating 
the cells and barely visible under the light 
microscope. In some other tissues, the 
extracellular material is quite vast in pro¬ 
portion to cells arid separates them widely 
apart from one another. 

Cells of a tissue, when not separated 
widely by extracellular materials, are 
often held together by structures called 
CELL JUNCTIONS. 

Animal tissues are divided into four 
major classes on the basis of their func¬ 
tions. epithelial tissu e covers free sur¬ 
faces of other tissues, c onnective tissu e 
joins, supports and holds other tissues 
together, muscle tissue causes the mover, 




Fig. 32.1 Nine organ-systems of human body (diagrammatic) __ * 

A. Integumentary system; B. Alimentary system; C. Muscular system; D. Excretory y • ' 
■ r Skeletal system; F. Circulatory system; 0. Respiratory system; H. Nervous system aim i. 

qnne system 
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ment of, the skeleton and the internal 
organs by contraction. NERVE TISSUE 
transmits., messages in, the form of 
impulses. 

An ORGAN as for example, stomach, 
liver, pancreas or urinary bladder, is made 
up of different types of tissue. Each organ 
performs specific functions, which 
depend on the collective and integrated 
activities of its tissues. 

S everal orga ns constitute an organ- 
system (Fig. 32.1). Organs of a system 
function in a coordinated manner to carry 
out a major life process. For example, kid¬ 
neys form urine, ureters conduct it to the 
urinary b ladder, and the latter stores it 
and p eriodically expels it through theure- 
thra. fh u&these organs of the EXCRETORY 
SYSTEM are involved in the elimination of 


waste products. The_DIGESTIVE. SYSTEM 
carries out digestion and absorption of 
food. The r espira tory system is 
entrusted with the job of exchanging of 
gases between the organism and its envi¬ 
ronment. The_CIRCULATORY -SYSTEM is 
responsible for the transport of nutrients, 
respiratory gases, metabolites, hormones 
and waste products between different 
parts of the body. The end ocrine SYSTEM 
consists of glands which secrete hormones 
for regulating the functions of other 
organs and tissues. The NERVOUS sys tem 
receives information of external and 
internal changes to give rise to sensations, 
transmits information among different 
parts of the body in the form of propa¬ 
gated potential changes, and regulates 
other systems. The reproductive SYS- 




Table 32.1 


ORGANS OF MAMMALIAN ORGAN-SYSTEMS 


1. Digestive System 

Mouth 
Tongue 
Salivary glands 
Pharynx 
Oesophagus 
Stomach 
Small intestine 
Large intestine 
Liver 

Gall bladder 
Bile ducts 
Pancreas 

2. Respiratory System 

Nostrils 

Nasal passages 

Nasopharynx 

Larynx 

Trachea 

Bronchi 

Bronchioles 

Lungs 


3. Circulatory Sytrn R Reproductive System 


Heart 

Arteries 

Arterioles 

Capillaries 

Venules 

Veins 

4. Excretory System 

Kidneys 

Ureters 

Urinary bladder 
Urethra 

5. Endocrine System 

Pituitary 

Thyroid 

Parathyroids 

Adrenals 

Pancreas (islets) 

Pineal 

Thymus 

Testes 

Placenta 

Ovaries 


(a) Male: 

Testes 
Epididymis 
Vas deferens 
Seminal vesicles 
Prostate 
Cowpcr’s glands 
Penis 

(b) Female. 

Ovaries 
Fallopian tubes 
Uterus 
Vagina 

Mammary glands 

7 Nervous System 
Brain 

Spinal cord 

Lateral sympathetic chains 
Peripheral ganglia and nerves 
Eyes 
Ears etc. 


TEM is responsible for the multiplication 
of organisms (Fig. 32.2). The SKELETA L 
SYSTEM- supports the body and protects 
the softer internal organs from external 
injury. T he muscular syste m partici¬ 
pates in movements and locomotion. 
Thus, the life of an organism is main¬ 
tained by the cooperative activities of its 
organ-systems. 

The major organs of some of the sys¬ 


tems of mammals are listed in Table 32.1. 
Their functions will be discussed in the 
subsequent chapters. 

ANIMAL TISSUES 

Epithelial Tissues 

The epithelial tissue forms a continuous 
layer over the free surfaces of mapy other 
tissues. Consequently, tnfovefS'flib eftfer- 
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Fig. 32.3 Different types of epithelial tissues 

A. Squamous; B Stratified squamous; C. Cuboidal; D. Columnar and E. Ciliated columnar 


nal surface of the animal body and the 
internal (luminal) surfaces of visceral 
organs, body cavities and blood vessels. It 
protects the underlying or overlying tis¬ 
sues. Materials are exchanged at the sur¬ 
faces across the epithelial tissues. 


C ells of the epithelium are set very clos e 
p each other, separated by very tt uaJiIms 
>f extracellular, material . Neighbouring 
pile ore tii»lH tnoether hv cell iunctions. 


The epithelial tissue rests on a nonceJlu lar r ' 
basement membrane, which separates it 



Ttbte 32.2 


CLASSIFICATION OF EPITHELIAL TISSUES 


Epithelial tissue 


Simple 


Squamous Cubical Ciliated Columnar Pseudosiratitiad Stratified 


Stratified 

squamous 


Non-Keratmised 


Keratmised 


Compound 


Transitional 


Stratified 

cubical 


tom the underlying connective tissue. 

Linings of somtTFollow organs or cavi¬ 
ties are moist because of mucus secreted 
by the epithelial tissue. Such a lining c on¬ 
sisting of the e pithel ium a nd the support* 
ing cofinectiveTissue underneath is called 
aqueous M EMB RANE or MUCOJ5A. 

~ Bloodvessels are absent in the epithe¬ 
l ial tissue^ Materials are exchanged 
bet ween epithelial cells and vessels of the 
connectrvn Jissiies by diffusion acrossthe 
>i 5asimfjvtjne mbran eT iTte~egftfiefiaTfis- 
sue (Fig. 32.3) is classified into simple and 
compound epithelia (Table 32.2). 


I t is formed of a single layer of cells, rest¬ 
ing on the basement mem braneTsTrnple 
epithelium occurs mainly orTsecretory 
• and a bsorptive surface s. It seldom covers 


surfaces exposed to mechanical or chemi¬ 
cal abrasions because it is not effective in 
protecting the underlying tissues. 

SQUAMOUS EPITHELIUM consists of a 
layer of thin, flat , scale-like cells, with 
prominent nuclei (Fig"*T23]T The cells 
have Irregular boundaries that fit closely 
into those of neighbouring cells. It forms 
the inner lining of lim p plveoli and blo od 
vessels, - 

CUBlbAL EPITHELIUM (Fig.32.3) has 
cells which are polygonal in outline, but 
appear cuboidal in vertical section. Jt 
lines small sa livary and pancre atic duc ts 
and thyrdI3~vesIc Tes.'The cells participate 
in secretionTexcretion and absorption. 
The cells of cubical epithelium in absorp¬ 
tive surfaces often bear MIC EaviIXJUm 
their free en ds. This gives a brush-like 
appearance to their free border. They are, 
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therefore, called brush-bordered CUBI¬ 
CAL EPITHELIAL CELLS, e. g, in proxima l 
t ubules of kidne ys. Microvilli greatly 
increase the area of the free surface of the 
cell and thereby enhance absorption. 

COLUMNAR EPITHELIUM is charac- 
terised "by the presence of tall cells, 
shaped like polygonal columns (Fig. 32.3). 
the nucleus is usually located at the base 
of the cell. Columnar epithelium covers 
the i nner surfa ce o f the intestine, stoma ch 
and gall bladde r. It also o ccurs in gastri c 
an d intestinal gla nds. Its function is secre¬ 
tion or absorption. The intestinal m ucosa 
is lined by brush-bordered columnar 
EWJHELIUM which is highly absorptive. 

CILIATED EPITHELIUM consists of 
columnar'dr cubical cells bearing cilia on 
their free surfaces (Fig. 32.3). The func¬ 
tion of the cilia is to move particles, free 
cells or mucus in a specific direction over 
the epithelial surface. Ciliated epithe lium 
ligesjhe inner surfaces of some hollow 
organs such asTa lTopian tubes, bronchi- 
pies and sm all bronchf.2^ 

PSEUDOSmAX ffiiED EPITHELI UM Covers 
JhpJr y -LPr linjngg ^ T[facliea)and~Iarge bron- 
J’sEi. Although maae up of a single layer of 
columnar cells, it,,appears two-layered, 
because some cells are shorter than the 
others and’have their nuclei at a different 
level, t& e shorter cells lack cilia and 
rnn7T 1f } yni^n traps particles on the. 
ejjitheUaLsmface. The longer cells are cili¬ 
ated. Thp. fill ary mnvfimp.nt propels th e 
miirm nnd thff particles towards the 
.larynx ^ 


Compound Epithelium 

It consists of more than one layer of cells, 
Only the cells of the deepest layer rest on 
the basement membrane. Being 
multilayered, compound epithelia have 
little role in secretion or absorption; but 


p het* *j 

they provide protection to underlying tis- 
sues against mechanical, chemical, ther¬ 
mal or osmotic stresses,. Compound epi¬ 
thelia jjnay be stratified or transitional. 

♦STRATIFIED epithelium has many lay¬ 
ers of epithelial cells. The deepest layer i s 
f ormed bv qnVvMrm_a»ii« But the mor¬ 
phology of the superficial layers varies in 
the different kinds of stratified epithelia. 

In STRATI FI ' EB 6U B QIBAL £HTHELn J M the 
superficial cells are cuboidal. It lines the 
inner surfaces of l arger salivary and p an¬ 
c reatic duc ts. ST RATIFIED SQUAMOUS EP I¬ 
T HELIUM ( Fig. 32.3) covers moist surfaces^ 
such as those of buccal cavity, pharyn x 
and oesophagu s. It has several superficial 
layers of living squamous cells and deeper 
layers of interlinked polygonal cells. 
S TRATIFIED KERATINISED SQUAMOUS EP I¬ 
THELIU M covers the dry surface of skin. It 
has many superficial layers of homy, 
scale-like remains of dead squamous cells 
and several deeper layers of living polygo¬ 
nal cells. Heavy deposits of the insoluble 
protein keratin in the dead superficial 
cells make the epithelium impervious to 
water and highly resistant to mechanical 
abrasions. In contrast,non-keratinised 
stratified epithelia cannot prevent water 
loss and afford only moderate protection 
against abrasions. 

^TRANSITIONAL EPITHELIUM is much 
thm her and mftfq' SLl'BlCliablg ftarttF~ 
stratified epithelium. It has a single layer 
of c uboidal cells at the b ase, 2-3 middle 
layers of large polygonal 6t peai'-shaped 
cel ls and a sup erficial layer of large, broad, 
rectangul ar or oval cells. It lines the inner ; 
surfaceoMeurmar v nladoerand ureters^ 
It prevents l oss oi wP tf ‘ r - frATT1 - hlrtnii tfl 
mine. It also v iillowsconsiderable expan- j 
sion of these organs to accommodate 
urine, because stretching considerably ^ 
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Activity 1: Scrape the mucous membrane on the inner surface of your lower 
lip with the edge of a sterilised spatula or coverslip. Place the scrapings on a 
glass slide, add a drop of 0.9% NaCl solution (this concentration is isotonic 
to the mammalian tissue fluid) and place a coverslip over it. Put a drop of 1% 
methylene blue solution on the edge of the coverslip. The dye runs under the 
coverslip and stains the scrapings. Wipe off the excess dye with a blotting 
paper without disturbing the coverslip. Examine the preparation under the 
low and high power objectives of a microscope. You will see irregularly 
polygonal, scale-like squamous epithelial cells, each with a centrally placed 
nucleus stained blue. 

Activity 2: Scrape the anterior part of the gullet of a toad or frog with the back 
of a scalpel and place the scrapings on a glass slide. Add a drop of 0.65% 
NaCl solution (this concentration is isotonic to amphibian tissue fluid) and 
tease the material to shreds with a pair of needles. Place a coverslip and 
examine it under the microscope. You will see ciliary movements of living 
ciliated epithelial cells. Next, put a drop of 1 % methylene blue solution on 
the edge of the coverslip. The dye runs under the coverslip. Wipe off the 
excess dye with a blotting paper and examine the preparation under the 
microscope. You will observe ciliated epithelial cells with the nuclei stained 
blue and a row of spine-like cilia. 


flattens and broadens the cells of its super¬ 
ficial and middle layers. 

glands 

Glands are secretory structures formed of 
epithelial tissues. They are of two types: (i) 
JEXOCRiHEJxLANl)^ such as salivary, tear, 
gastric and intestinal glands, possess ducts 
which conduct their secretions to the 
respective sites of action, (ii) endocrin e 
glands such as pituitary , thyroid, para¬ 
thyroids and adrenals, secrete hormones 
which pass into the blood instead of flow¬ 
ing out through ducts. 

An exocrine gland, with a single 
unbranched duct is called a simple gland 
(Fig. 32.4). The duct is lined by epithelial 
cells. The secretory part of the gland also 
consists of epithelial cells arranged in the 
form of tubes (tubules) or sacs (acini, alve¬ 
oli) or a combination of both. The secre¬ 


tory tubule or acinus may again be coiled 
or uncoiled, branched or unbranched, and 
opens into the single duct of the gland. An 
exocrine.gland with a branched system of 
ducts is called a compound gland (Fig. 
32.4). The secretory part consists of many 
acini or tubules or both. (Compound 
glands are present in the djjridenum, pan¬ 
creas and sntmjandibular salivary gianas.-’ 

Connective Tissue 

The connective tissue provides the struc¬ 
tural framework and support to different 
tissues forming an organ. It also plays a 
role in body defence, tissue repair, fat 
storage and transmission of blood vessels 
to other tissues. A broad classification of 
connective tissues is given in Table 32.3. 

The connective tissue has a large 
amount of extracellular material. The 
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Tubular Alveolar (Acinus) 

A 



Tubulo-alveoly 


B 


Fig. 32.4 Types of exocnne glands 

A. Simple glands and B. Compound 
gland 

cells lie wide apart. The extracellular 
material consists of insoluble protein 
fibres lying in an amorphous, transparent 
matrix. In blood the extracellular material 
is a fibre-free fluid. In bones, it is dense, 
mineralised and rigid. The extracellular 
and cellular components perform specific 
functions. 
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Fig. 32.S Areolar tissue 
I Are olar Tissue] 

It (Fig. 32.5) occurs beneath the epithelia 
of many hollow visceral oreans, skin an d 
on the walls of arteries and veins. The are¬ 
olar tissue contains three typesjtf cells— 
fi broblast, macrophages and mast cel ls. 
.fibroblasts are t he principal cells o f this 
tissue. They"are irregularly-shaped flat 
cells with long protoplasmic processes. 
Fibroblasts synthesise two ki nds of 
protei ns —collagen and elastin. The ten¬ 
sile strength of collagen fibres and the 
elasticity of elastic fibres prevent dis¬ 
placement and injury of tissues and 
organs under mechanical stress. Collagen 
fibres are also laid down at sites of injury 
and help in tissue repair ^ Large amoeboid 
cells called macro p hages are another 
component of the areolar tissue. They 
p bagocytose and "destroy microbe s, for¬ 
eign particles and the cells of damaged tis¬ 
sues. You have studied phagocytosis in 
Unit Two. Large irregularly ovoid mast 
c ells are also pres ent in the are.QlarJfe- 
sue. They store inflammation-producing, 
substances such.^-iustamiafi_in Jexise 
g ranufesT Tfiese substances, when released 
from mast cells, help in body defence by 
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Table 323 

CLASSIFICATION OF CONNECTIVE TISSUES 
Connective Tissue 


Areolar Adipose White Tendon Ligament Cartilage Bone Blood 
tissue tissue fibrous . . 

tissue 


Hyaline White Elastic Compact Spongy 

cartilage fibro- cartilage bone bone 

cartilage 


attracting phagocytes to the injured tissue. 
The areolar tissue joins different tissues, 
forms the packing between them and 
helps to keep the organs in place and in 
normal shape. 


You may be aware of allergic reac¬ 
tion sin some persons on eating egss 
^ or prawns, or inhaling pollens and 
< spores. These contain chemicals 
called allergens which stimulate 
maSt cells in certain individuals. The 
s mast cells release excessive amounts 
of inflammatory substances from 
f 'jheif granules. These substances pro- 
extensive dilatation of blood 
^vessels, exudation ofcflui d in tissue s. 
Kreddemntt aflr^welljrvy nf f? Irln 1 
VspaSms of b ronchial or j atealiaal 
muscle s gfffrothfer svm piomsof ana- 
'P^yLAjJis or allergy. Acute alter- 
.-gi.es may even be fatal, , ' . 

- n 


'Adipose T issue[ 

Adipose tissue is a connective tissue rich 

1 t t 


in stored fat (Fig.32.6). It occurs mainly 



Fig. 32,6 Adipose tissue 

beneath the skin, around kidneys, and in 
mesentery and bone marrow. Besides ' 
fibroblasts, macrophages, collagen fibres 
and elastic fibres, the adipose tissue also 
contains large, spherical or oval cells 

called FAT C ELI^or_ADIPOCYTES.~The 
c ytoplasm anT organelles in adipoc ytes 
are pressed by fat into a narr.QW_anftular 
layer just beneath the plasma membra ne^ 
The adipose tissue sy nthesise^ storeiia nd 
metabolises fat. It prevents heat loss by 
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Ligament ^ 



Fig. 32.7 A longitudinal section through the knee 
joint showing tendon 


forming ajmaiansuiati n g - la yer hfi qeath 
the skin. It forms sho ck-absorbing cus h- 
ions aroun d kidneys and eyeballs. 

White Fibrous Tissue 


It carries only a few fibroblasts scattered 
amidst the dense network of thick colla¬ 
gen fibre bundles. It has great tens ile 
strength . The presence of white fibrous 
tissue at the joints between sk ull bones 
makes them immovable. 


Tendon 


*» (4 " U 


It is a very dense, strong and fibrous con¬ 
nective tissue with thick parallel bundles 
of collagen fibres. A few flat, elongated 
tendon cells lie in single rows between the 
fibre bundles. {Tendon forms the strong 
inextensible attachment of a ske lgtajjjiTs- 
cle to a bon e (Fig. 32.7). 


It is a dens e fibrous connective tissue. Its 
ground substance is densely crowded with 
collagen fibres running in different direc- 



Fig. 32.8 Hyaline cartilage 

fibres between rows of chondrocytes 
in lacunae. It occurs in joints 
between vertebr ae. Its collagen . 
fibres make such joints strong,,butV. 
less elastic and only slightly mew? •' 
able, elastic cartilage contains w 
dense network of elastic fibres. 
between scattered chondrocytes. It. 
forms the E ustachian tube, epiglottis . J 
and pjpna of ear . The elastic fibres* ^ 
make those organs considerably 
elastic and. pliable. „ 


Matrix 


IN hyaline CARTILAGE, the matrix 
looks apparently fibre-less and glass¬ 
like (hyaline) (Fig. 32.8). It occurs in 
the larynx , nasal septum , tracheal 
rings a nd rib s. It gives those struc¬ 
tures a definite but pliable form. 
WHITE FIBRQCARTILAGE carries 
thick dense bundles of collagen 


Cartilage cells 
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tions, and some elastic fibres. A few elon¬ 
gated flat cells lie between the fibres. The 
ligament connects bones at the joints and 
holds them in position. 

Cartilage 

Cartilage is a solid but semi-rigid and flex¬ 
ible connective tissue. CHQMDBjQQYTES 
are large, bluntly angular cartilage cells. 
They occur in clusters of 2 or 3 cells in 
small spaces (lacunae) scattered in the 
matrix. 



Fig. 32.9 Internal structure of a bone 


Bone 

Bone is a solid, rigid and strong connec¬ 
tive tissue. Its matrix is heavily deposited 
with apatite salts of calcium and phos¬ 
phorus. Flat irregular spaces called lacu¬ 
nae occur in the solid matrix. Each lacuna 
lodges a flat bone cell or osteocyie, a 
bone cell Rhs an irregular shape and long 
cytoplasmic processes. These processes 
extend into minute canals (Canaliculi) 
radiating from each lacuna. co)w>Anr 
bone forms the dense outer layers of all 
bones. It is composed o f many parallel^ 
'lo ngitudinal. columri-likS ~ "StructureT 
call ed HAVERSIAN SYSTEMS, c ementeST? 

^Th^r (i-?p T) u), Ip Hijv^rsiiui 
system, sever al concentric lay ers (lamel- 
LATJjTSTbony matrix encircleTJdrrgitudi- 
nal central canal (Haversian can al). 
This canal carries blood vesselTTricF 
nerves. Lacunae containing osteocytes 
occur in a layer between two lamellae. 


c entral parts of hones. It carries no 
concentric organisation likTTBe* 
Haversian system. It cons ists oHi 
netw ork ot many fine irregular bo 57 
pteteTorTRA bfh tiaEi E ach trabec¬ 
ula consists of many irregularly- 
arranged lamellae with lacunae 
between them. 


Bbod 

Blood is a fluid connective tissue. Its cells 
are quite distinct from other connective 
tissue cells, both in structure and func¬ 
tions. The extracellular material in blood 
is a fluid devoid of Fibres. Fluids outside 
the cells are generally called extra¬ 
cellular fluids (ECF), 

The extracellular material In Mnnd Is a 
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straw-coloured, slightly alkaline (pH1 7.4) , 
aqueous fluid called plasma. Blood forms 
about 30-35 per cent of the ECF. The vol¬ 
ume of blood in an adult person is about 5 
litres. 


The total volume of ECF is around 
1 5, litres in a normal adult human. 
Ofthetotalbody water, about45 per 
cent is in the form of extracellular 
fluid and about 55 per cent occurs in 
the cells as intracellular fluid. 


Constituents, having characteristic 
forms, float in the plasma . They are collec¬ 
tively called the FORMED ELEMENTS , of 
blood. They include the blood cells and 


blood platelets. Blood cells are of two 
types—ERYTHROCYTES and LEUKOCYTES. 
Blood circulates within blood vessels in 
higher animals. But other extracellular ■ 
fluids such as cerebrospinal fluid, intersti¬ 
tial fluid, lymph and aqueous humour 
occur outside blood vessels. 

Plasma: Plasma is a slightly alkaline, 
somewhat viscous aqueous solution con¬ 
taining jnanyjjrganL^ 
stances.. Plasma contains about 92 per 
cent water and 8 per cent solids. The sol¬ 
utes in clude gl ucose, amino-acids, fatty 
acids^vumnins jenzymes, hormones, anti¬ 
bodies^ oxygen, carbon dioxide, lactic 
acid, and waste products such as urea, uric 
acid and creatinine. 


Table 32.4 

COMPOSITION OF BLOOD 


Blood 


Blood cells Blood platelets Plasma 


Erythrocytes 

at 


Leukocytes 


Granulocytes 


Agranulocytes 


Neutro¬ 

phils 


Eosino¬ 

phils 


BaSo- 

phils 


Mono¬ 

cytes 


Lympho¬ 

cytes 
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Glucose is a major nutrient in the blood. It occurs in plasma and erythro¬ 
cytes in similar concentrations. It is adjied to the blood by intestinal absorp¬ 
tion of carbohydrates from food.ij^ver also adds glucose to blood from 
stored glycogen, of by forming glucose from amino-acids and lactic acid. 
Blood glucose is intended for supply to tissue cells. Nearly all BLOOD SUGAR 
consists of glucose, although very small amounts of other sugars are present. 
Normal blood sugar level is 80-100 mg per 100 ml of blood in an adult per¬ 
son 12 hours after a meal. Blood sugar rises to a peak l-l'/i hours after a 
carbohydrate-rich meal, but does not normally exceed 180 mg. Sugar 
appears in the urine if blood sugar exceeds 180 mg. This happens in diabetes. 
Fasting lowers the blood sugar to 60 mg or below. 

Cholesterol normally ranges from 50 t o 180 mg perJ LQO-wl of plasma. It 
is intended for supply to tissue cells for the synthesis of membrane lipids, 
vitamin D, steroid hormones and bile salts. Li ver synthesises chol esterol 
and secretes it into blood. It is also added to bloocTSy intestinal absorption 
from foods likejsggsJEating of saturated fats such as b utter, clarified bu tter 
(ghee) and’Kydrogenated vegetable products (vanaspati andmargarinej may 
increase cholesterol synthesis in the body. Metabolic diseases like diabetes, 
or intake of foods rich in cholesterol and saturated fats may raise the blood 
cholesterol, leading to heart trouble. 

Urea isihje-majdfwaste product ca rried in -bteed. It is also the principal 
non-prot&n nitrogenous substance {NlWJin mammalian blood. Its normal 
range i^UsBQ-mft per 10 0 ml of blood. Liv er sy nthesises it during catabolis m 
of amin^-acids . Blood transports it to kidneys for excretion in urin e. Rena l 
fa uureorcargiac failure itc elimination Blood urea then 

‘ . rises to produce toxic effects Q gREMlA ). 

bl aLand Cl~ are , respectively, dies principal mineral cation and anion in 
pl asma* Their normal concentrations are, respectively, about 3 £0 and 340 . 
; ( mgpet-LOGunl of plasma. Smaller amounts of Ca 2+ , Mg' + , PQJ , Fe jT ,T\ 

1 Mn 2 *, etc. are also present in plasma. 

’ _ . 


Plasma contains thr ee major classes of hands and f eet get s wollen with accumu- 
p lasma prote ins viz^ serum albumin , latod^uid-tc ^derriaTjj n persons suffering 
ssaimL^lohulins and fibrmogen.Piasma from dietWyebtftiiency of protei ns. Albu- 
proteins serve as a sourcTof proteins for mi n and globulins also transport many 
tissue cells. Tissue cells may utilise plasma s ubstances such as thyroxine and FS 3 ' l “in 
proteins for forming their cellular pro- combination with the m, one class of glob - 
teins. Additionally, albumin and gl obu- ulins, called immunSSobulins, act as 
..ljns ret ain water in blood plasmaj w their ' ArcTraobtfes. i m-Tu msu-ii md ' uTv adiflg 
■osnhTtit felfects. A fall in plasma~pr5rgftls microorganisms and their toxins. Some 
Out o ^ exrfi<!S1Vft other’’globulins help to prevent weeding 

blood to tissues: T his is why by changing soluble fibrinogen to iosolur 
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Fig. 32.10 Erythrocytes (RBCs) of different verte r 
brale animals 

A, Fish; B. Amphibia; C, Bird and D. 
Mammal 

ble fibrin (BLOOD nr.ATTONl.Plasma^ 
pfoteins also maintain the blood pH by 
neutralising Strotog a'ciQs and b ases, t hus, 
th ey aet-as aUD-BASe buffers. ~~ 

summarise, plasma functions’in (a) 
transport, (b) body immunity, (c) preven¬ 
tion of blood loss, {d) retention of fluid in 
blood, (e) maintenance of blood pH, (f) 
uniform distribution of heat all over the 
body, and (g) conducting heat to shin for 
dissipation. 

Erythrocytes: Erythrocytes (red blood cor¬ 
puscles or RBC) are the most numerous of 
the formed elements of blood. Their most 
characteristic feature is the presence of 


hemoglobin, the r ed oxygen carrying pig¬ 
ment . The - "totaTnumber ot erythrocytes 
per microlitre (lpl = 1mm 1 = 1Q~ 6 1) of 
blood is known as the total count of 
RBC. It averages 5 rpillin ns and.45 mil- 
lions in adultjnaB and a dult woman 
respectively. The total count wouldbe low 
i n anaemia and after profuse bleedin g. On 
t he contrary, the abnormal rise in the total 
co unt nf RBC is called pfu vrwrattflgT T 
The size and shape oferythrocytesvaiy 
in different classes of animals (Fig 32.10). 
In fishes, amphibians, reptiles and birds 
erythrocytes are usually nucl^ted. oval 
ami hir.oimft*- But in mammals they are 
n QP-Pl lf:leat ed. biconcave and circular . 
Only camel and llama posse ss oval re d 
bloo d~cornusci es. Human erythrocytes 
measure J-8pm (j pm = 10 -6 m) in diam¬ 
eter and 2pm thickness near the rim. Thtf^ 
mamih'alianervthrocvte. w hen mature, i s^ 
dev pid of all organelles including th e 
n ucleus, mitochondria and endoplasmic 
reticuIu*»rThus almost the entire volume 
of the ce ll is filled wit hJte moelo bm. More¬ 
over, in the absence of organelles, the con¬ 
sumption of o xygen in mature eryth ro¬ 
c ytes is very low. T his spares almost the 
entire amount of oxygen carried by hemo- 
"globin to be supplied to other cells. 
——Hemoglobin is a conjugated protein. It 
is composed of a p rotein called GLOBIN , 
and an Fe 1+ -Por phvrin mmnlex called 
HEME. 1 00 ml of blood conta ins ahqpt 15 g 
of hemoglobin. On exposure to a high par¬ 
tial pressure of oxygen in the lungs, hemo-, 
globin is converted to oxyhemoglobin, . 
The latter carries up to 4 molecules of oxy¬ 
gen, loosely bound to its four Fe J+ ions. 
At low oxygen pressure in tissues, oxyhe¬ 
moglobin dissociates into oxygen and;; 
deoxyhemoglobin. In this way, erythrp- 

lungs to 


cytes transport oxygen xrom 
tissues. - ’*** 
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Hemoglobin is the oxygen- 
carrying pigment in most verte¬ 
brates excepting some ic efishe& aad 
ee l larv ae. It also occurs in the blood 
of some molluscs and annelids; but 
in these invertebrates, it remains in 
solution in the plasma itself and is a 
raacromolecule composed of many 
heme groups. In most invertebrates, 
instead of hemoglobin other types of 
oxygen carrying pigments are pres¬ 
ent. For example, prawns, crabs and 
some molluscs contain a blue 
copper-protein complex called 
hemocyanin in their plasma for 
oxygen transport; green iron- 
porphyrin-proteins called CHLORO- 
CRUORINS are the oxygen-carrying 
pigments in the plasma of some 
annelids, but their prosthetic groups 
are different from heme. 


Erythrocytes also participate in trans¬ 
porting carbon dio xide fcog^t issues to 
lungs. Carbon dioxiSeispartly carried in 
combination with globin of hemoglobin. 
But carbon dioxide is mainly carried in 
both plasma and RBC as bicarbonate 
(HCO _ j) which is formed in RBC 
catalysed by the enzyme carbonic 
ANHYDRASE. 

lnjbeJaetj^e rythrocyt sg-3p; mainly 

f ormed in the UveTand'Splee n. But from 
birth onwards, erythrocytes we formed in 
the r ed bone marrow . Erythrocytes have 
an average life-span of abou t j 20 days . 
Iron and proteins are essential rawmateri- 
als for hemoglobin synthesis while vita¬ 
mi n B,, and folic acid stimu late matura¬ 
tion of erythrocytes. 'Therefore, a 
deficiency of any of these nutrients causes 
anaemia. 

Old and damaged erythrocytes are 


If a sample of blood is rendered non- 
coagulable by adding potassium or 
sodium oxalate and then centrifuged 
at a high speed in a graduated centri¬ 
fuge tube (hematocrit tube), the cen¬ 
trifugal force rapidly sediments the 
erythrocytes to the bottom of the 
tube. They become packed into a 
solid, red, bottom layer while 
plasma forms a clear, fluid layer 
above. On the upper surface of the 
erythrocyte layer, leukocytes form a 
thin, bufT-coloured layer. From the 
graduations on the tube, the relative 
volume of erythrocytes may be read 
as a percentage of the total blood vol¬ 
ume. This is called the HEMATOCRIT 
VALUE or PACKED CELL VOLUME. It 
normally forms 45 per cent of the 
blood volume. 


The skin and mucous membranes 
assume a yellowish hue if all the bili¬ 
rubin cannot be excreted from the 
body. This condition is called 
JAUNDICE. 


If a sample of oxalated blood is kept 
undisturbed in a long, narrow gradu¬ 
ated tube, erythrocytes sediment 
slowly from the blood due to gravity. 
This leaves clear-plasma as the 
supernatant fluid. The rate of such 
sedimentation is called the eryth¬ 
rocyte SEDIMENTATION RATE 
(ESR). It is abnormally enhanced in 
diseases with abnormal albumin : 
globulin ratio in the plasma. This is 
of diagnostic value for many dis¬ 
eases including tuberculosis. 
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phagocytosed and des troyed_by ma cro¬ 
phages . The pigment part of he moglo bin 
is then catabolised'tU'tlTei^lT^mgment 

B1URU BIN wfiicfi^exet^ 

pate yellow colour of plasma isTargely due 
to bilirubin. 

Leukocytes: Leukocytes (white blood cor¬ 
puscles or WBC) are devoid of hemoglo¬ 
bin and are consequently colourless. Leu¬ 
kocytes are nucleated blood cells (Fig. 
32.11). They are of two major classes: 




Fig. 32.11 Different types of leukocytes (V/BCs) 
^/Eosinophil; If Basophil; C. Lympho¬ 
cyte; p. Neutrpphil and E. Monocyte 


granulocytes (with cytoplasmic granules) 
and agranulocytes (without granules). 


Granulocytes are of three types, viz. neu¬ 
trophils, eosinophils and basophils, each 
wftirlubedmueleusr^^ are of 

two types, viz. lymphocyte s and mono- 
cytes ANeutrophils a nd monocytes protect 
the Jbodv against' midrobes "~b v 
p RagScvtosine them! Lymphocyte s 
secrete a ntibodies in the blood to destrv o 
microbes and their toxins. The number of 
leukocytes per microlitre (lpl = 1mm 3 =* 

10 ~ 6 1) of blood is called the total count 
OF WBC. This is normally 5000 in humans . 
It may rise abnormally in acute infections 
(e.g. pneumonia), inflammations (e.g. 
appendicitis) and malignancies 

(e.g.leukemia). In some conditions such as 
folic acid deficiency, the total count falls 
a bnormally (leukop enia). The total count 
of'w'SC w also of diagnostic value in 
many diseases. 


Activity : Sterilise a sharp needle and the 
tip of your middle finger with rectified 
spirit. Prick the finger tip and place a drop 
of blood on a clean glass-slide near one of 
its ends. Place the edge of another slide in 
contact with the blood drop at an angle of 
45° to the first slide. Push the second slide 
over the first to draw a thin, uniform 
blood film. After drying the film in air, 
stain it with drops of Leishman’s stain. 
Leave the slide covered by a dish for 1 
minute. Dilute the dye on the slide by add¬ 
ing an equal number of water drops and 
allow it to stand for 10 minutes. Next, 
wash the slide in distilled water, dry it in 
air and examine under the microscope. 
Identify and draw the erythrocytes and 
different types of leukocytes you observe. 


Blood Platelets: Also galled thrombocyt es, 
blood platelets, are non-nucleatea, rou nd 

1 / 

mm 
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or ova], biconvex disc-like bodies. They 
are 2-3 micrometres in diameter and their 
number normally varies from 0.15 to 0.45 
million per microlitre of blood. They bud. 
o ff from the cytopl asm - ver y large-, 
~- Mk<3A|cAR^ v ^ <-i»i is of bone marrow. 

normal hie-span is abou7~a week . 
W hen a blood vessel is injure d, platelets 
get clumped at the injured spot and 


FACTOR 

coagulation. 


These promote 


Blood coagulation: When blood oozes out 
of a cut, it sets into" gel within a few min¬ 
utes. This is called coagulation. Coagula¬ 
tion is brought about by hydrolysis of sol ® 
uhle fihrinnpep .nf.plasr nafoinsQluble 
fibrin- Jhis is catalyse^Jjy-aaxnzyme 
c alled t hrombi n. Fibrin precipitates as a 
network'vof Ttbres. This net work traps 
many blood cells, particularly RBCs, to 
form a red solid mass called the BLOOD 
CLOT. The clot seals the wound in the ves¬ 
sel to stop the bleeding. The straw- 
col oured fluid left aftenclotting of bio od, 
is xalktPsERUM. fhe serum cann ot be 
coa gulate d- as it jacl^i ibrinogenuT 
thrombin occurs in normal blood as an 
inactive glnhnlin rail pH pbqx hROM BIN. It 
must be activated to thrombuT'before 
blood coagulation can occur. In case of 
injury to a blood vessel, coagulation- 


of prothrombin. Heparinjiialea^itam 
mast-cell granules. Blood also contains 
a£t!THKS?3b?N which inhibits any 
thrombin formed accidentally. Moreover, 
uninjured tissues or platelets do not 
release thromboplastins. These factors 
prevent blood coagulation id uninjured 
blood vessels. 


Activity: Prick the tip of your finger with a 
sterilised needle. Note the time when 
bleeding starts. Collect some blood imme¬ 
diately into very fine capillary glass-tubes. 
Start breaking the capillary tube into 
small bits. Continue this until fibrin 
threads appear between two broken pieces 
of the tube. Note the time again. The time- 
interval called coagulation time, is an 
estimate of the coagulating ability of 
blood. 


Blood drawn from a blood vessel can be 
kept uncoagulated by adding a pinch of 
o jcalatej sodium or potassium oxalate) to 
it Oxala te precipitates Ca 1+ and conse- 
q uently prevents coa gulation. Chilling of 
blood" alsodelays coagulation because 
cold depresses-th e aption of rnagulat ion- 

Muscle Tissue 


promoti ng ^e nzymes. 


promoting substances called thromb o¬ 
p lastins are r eleased into the blood from 
, clumped platelets and damaged tissues. 
j !; , ThronabnplastinsJagl£_in the formation of 
| the enzyme brqihS Smbina&l: ~ This 
enzyme hydrolyses prothrombin - 4 q 
I' thromhi ft - to.ini tiate coagulation Cad - 

I jiioaS-^e-^ssanlial ^ b ot h- th e aetivati^n 
^a^da^ift&-Qf, tbrnaabip,... k 
^ JBiood normally contains an anticoagu¬ 
lant, HE PARIN whi ch prevents activation 


Muscles cause movements of limbs and 
internal organs and also locomotion of the 
organism. Cells of muscle tissue can 
shorten forcefully and aMiri Tetur h-tQ the 
relaxed-male; •ThirspeclSfisecL nc&B&Ftv-is 
c alled comj,A £33UTY. It is based on the 
ofgamsed arrangement of some protein 
filaments in the cytoplasm of a muscle 
cell. The cell shortens or relaxes according 
to the relative positions of different intra¬ 
cellular filaments. Whenever adequately 
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Leeches secrete an anticoagulant 
called HIRUDI N in thei r saliva. When 
they suclTT)tood~from an animal, 
they pour their saliva into the wound 
of the victim. As hirudin prevents 
coagulation of the victim’s blood, 
bleeding continues without inter¬ 
ruption. This enables leeches to suck 
large volume of blood from 
animals. 

Mammalian pancreatic juice con¬ 
tains an enzyme called T ffiypsm. it 
coagulates - blood., bv hvdroh uUf»g 
fibrinogen to fibrin in the same way 
as throm Em~~aoes. T his enzyme 
helps predatory mammals to digest 
the blood they drink from their prey. 

Victims of snake-bites sometimes 
die of extensive coagulation of their 
blood, because some snake venoms 
contain coagulating substances. 


stimulated, muscle cells respond by con¬ 
tracting. This property of the muscle tis¬ 
sue is responsible for the various move¬ 
ments in an animal. Muscle cells are 


usually called MUSCLE FIBRES because 
they are thin and elongated. In higher ani¬ 
mals, some muscles remain associated 
with the skeleton, but many others form 
walls of visceral organs, blood vessels and 
heart. Muscle tissue maybe classified into 
striated, non-striated and cardiac mus¬ 
cles, according to their structure, location 
and functions. 

Striated muscle ti) 

Striated muscle fibres appear to have 
transverse strips when viewed under the 
microscope. This is because they show 
alternate transverse light and dark bands 
(Fig. 32.12). Most striated muscles are 



X-Sec, Myofilaments 


Fig, 32,12 Structure of striated muscle at different 
levels of magnification (H - H Zone; 

Z — Z Line; A *» A Band; I ■» I Band) 

attached to bones' by tendons. They are 
also called skeletal MUSCLE^ Of .the!/ 
three types of muscles, only striated nays- 
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Each segment of t he myo fibril from one Z 
band to the nex^j^c^ons as sro-rnfactile 
unit and is called a Sarcomere (Fie 
32.12). • ‘ 

Nan-striated or Smooth muscle 

Non-striated muscle fibres do not show 
cross-striations; instead, they look 
smooth. Smooth muscles cannot be 
moved voluntarily. So they are also called 
INVOLUNTARY MUSCLES. Fujjction^ily, 
s mooth muscles are of two types, single - 
UNIT SM OOTH MUSCLES are r.nnipr^H 0 f 
muscle fibres closely joined togetKer. >¥ll 
rt sTibies uunilctCL tOfeether as~a singfe~mr it 
' Thev~may contract automaticallyan d 
_______ r hythmically . Such smooth m uscles occur 

myofibrils . They are arranged along the pp the w allTof hollow visceral organs su ch 
long axis of the fibre. Dark A bands of ‘"as tne urinary bladder and.the gastrointes- 
neighbouring myofibrils are located side - tlrtajjract. y TOLTi-UNiT^Mbc7ITSi ^IiSCl£s 
by side; so also are their light 1 bands. This ■'areromposed of more independent mus- 
gives cross-striated appearance to the cie flbre si noTso^losely jSt mil t o g e th er, 
entire muscle fibre also. L arge amounts of f ncfividual fibres of such siriflOlh mus clSs 
energy , needed for contraction, are pro - co ntract as senarate imitq The se occur* at 

. and on the walls or/tSrfel 


cles can be moved at will. Therefore, they 
are also called voluntary muscles. 

A voluntary muscle is composed of 
long bundles of striated muscle fibres (Fig. 
32.12). Each fibre is a long, unbranched, 
cylindrical cell. It may be as long as 
mm and as t hin as 20 micrometres. It 
shows transverse^7tTiations in the form of 
regular alternate dark (A) and fight (I) 
bands (Fig. 32.12). At the centre of the 1 
band is a fine, dense, dark band, the Z 
band or Z-line. T jre plasma membrane 

pfwprinp thp fjhre it rolled SA RCOLEMM A.~ 

ie ^cytoplasm insi de tmP fiELEls^eftHed 

_ _... "sarcoplasm contains 

thin. unbr anrtiecL—crnss- 
striated cylind rical structures called 


h air ro ots 

''djsselsl-* 


d ucfif) Tty the oxidation of glucose in , the 
—rmtscl g fibc e. For this, many elongated 
oval mitochondria and glycogen granules 
remain scattered in the sarcoplasm 
between myofibrils. tEach muscle fibre 
also possesses many erongated, flat nuclei 
in the superficial sarcoplasm just below 
the sarcolemma. 

Muscle is rich in proteins. Most of these 
proteins occur as two types of filaments 
arranged longitudinally in myofibril s. The 
thi ck filaments are made up of the prote in 
MffiSTS. MyosinJ ilaTnpntc 'arS TTocat ed 
i nside A hands: Thin filaments are more 
numerous. They are composed of the pro¬ 
tein actin. From a fine, dense, dark Z 
band at the centre of each 1 band, actin fil- 



Flg. 32.13 Smooth muscle fibres 


Smooth muscle fibresjir&jileflgated, 
ame nts extend through the 1 band "an3 spi ndle-shaped cel ls. They are packedpar- 
en prnach fini fDts upjt o allel to each other in branching bundles, 

a considerable distance into the A band. Each fibre contains a single, spindle- 
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Fig. 32.14 Cardiac muscle fibres 

sha ped nucleus at its thick central p art 
(Fjg. 32.13). The smooth muscle fibre is 
gener^^shorter^t han^a stQ aladrrftSscle 

are lesstrame rous, th gjat^o^MHM C-retii: 
ulum isTeg^wrt eu^ rTCDd prote in fila¬ 
ments areTiui "regularly arranged to give 
rise^to striations. 

Gardiac muscle 

Cardiac m uscle occurs exclusively in the 
heart. It possesses considerable automatic 
r hythnttb itvSncTgeiierates its own wave of 
excitation. The excitation can also pass 
directly from fibre to fibre in the cardiac 
muscle. It is not under voluntary control. 
It shows croeaHrtdatjonsJtatt striations are 
much fainter than those of _st riated 

myself -- 

car diac MUSCLE cells are short cylin- 
dric al cells jomSiTShdtd dfid' (i^Torm ro ws. 
They p rtccgt i| p ’rtMiHnnt rytoplfisr" 
myofibrils \sacroplasm) and ndmerous 


mi tochondria and glycogen granu les. This 
is becuase tney need a large amount of 
en.ergy. Faint but regular, alternate dar k 
and ligh£ f.r/\cc«- 

striati ons in the cardiac muscle fibres an d 
indicate re gular and alt ernate arrange¬ 
men ts of thin and thick filaments iff th e 
fibre. Sarcomeres are also present. Car- 
diac muscle cell'"lrequentiy 'orapehes to 
form junctions with neighbouring cells 
(Fig 32.14). Where two ca rdiac ...muscle 
cells meete.nd toend, dense-zig-zig junc¬ 
tion^ is fqrmed^between them. It is called 
anTNT ERCALAT ED-DISa 

f^rve Tissue 

In multicellular organisms some cells 
become specialised for receiving and 
transmiting information and messages. 
Changes outside or inside the body act as 
stimuli and initiate their activity. The 
cells react by changing the pre-existing 
potential differences across their plasma 
membrane and by conducting this poten¬ 
tial change like a wave along their mem¬ 
brane. T his oropertyj o f the cell s i s calle d 
E XCITABILITY. C ells of the nerve tissue are 
callMJfEIiRQNS. Th e potential cha nges 
pro pagated along thei r membrane is 
c alled a nebyf -IMPULSE. Tt serves as' a 
message passed on either to other neurons 
or to muscles and glands. The response 
elicited may be sensation such as pain, or 
an action like muscle contraction or glan¬ 
dular secretion. 

The brain an d the spinal cord, c ollec- 
tively k nown as"the CENTRAL N ERVOUS 
sy stem TCN system ), the peripheral 
neSVES arid nerve ganglia outside the 
CN system are all made up of the nerve 
tissue. "Ordin ary connective tissue is 
absent jfflSida HE central nenmus-svstenr. 
t h^neurons are he )d together ^support¬ 
i ng cells i\erve 
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Fig. 32.15 A neuron with myelinated axon 


tissue is made, rt f neurons and neijro glia 
cgjisD 

\ NEURON (Fig 32.15) has a large cell 
body with two or more, thin protoplas mic 
nroresses extending from it. One of the 


body^It ends in a number of small 
branches on muscle fibres, gland cells or 
other neurons. Th e rema i ning r tne or 
mo re processes conHuct nerve impulses 
towards the cell body a nd are callecL DEN- 
drit es or DENDRQNS.'T he axon terminals 
may f orm J nter.rnmmn nicatine iunc - 
tions, called synapses, witl ^dend rite ter- 
minala^wll bodies or even axonS of 6iher 
neurons. Nerve impulses pass between 
neurons through the synapse with the help 
of chemicals su ch as a cetylcholine which 
are termed N 



perikaryon or so MA. The soma has vari¬ 
ous shapes. Both the soma and the pro- 
.cesses ar? jjoyered by the ^laslna inenj- 


brane. The soma contains-abun^ ant grag - 
ular cytoplaarrrand ajaty nnclens. Yo 
serve the high eitissy-Tieetts for impulse 
conduction, MJeuron^JhaY&Jvery many 
mitochondria. " Light microscopy shows 
many s mall cqn fchl,,angular, (?r,rJwboi- 
dal and hlghlybasop hilic structures in th e 
cytb plasm~QLSuna.and dendritesTthey are 
cajtearNtsSL BOD^ ; apd are absent in t5e’ 
axon~T 
The ex ttMidecT Won or* dendrite of a 
n euron is called a_ NERVE FIBRE. Nerve 
fibres are collected intd~buridles in a 
nerve in the way as the muscle fibres in a 
muscle. Each nerve fibre is covered with a 
c ontinu ous sheath, called" the 
NEUROLEMMA.The'rieuroIemma sheath is 
made up of a single layer of flat expanded 
s chw ann CELts. 'Sgirre"nerve fibres are 
insulating layer, 
called the myelin SHEAj^SucTnerve 
fibres are calfe fls^iaffitfNATED or medul- 
lajed nerve fibres. Each myelinated 
, nerve fibre (FigT32”,l5) shotos constrie^ 
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tions at regular intervals called nodes of 
ranvier, these result from interruptions 
in the myelin sheath at those places. 

Some nerve fibres are not covered by 
myelin sheath. They are called non- 
myelinated nerve fibres. They do 
noTpossess nodes of Ranvier. Myelinated 
fibres are generally -. thicker 1 - than 


non-myelinated ones. 

There is no neurolemma inside the cen¬ 
tral nervous 
Schwann cell 
the spiral wrappingUftheTfferve"fibre by 
p>dcesses V pti76]J.GQDENDRbcYTE S. They 
are one type of neuroglia cells. 1 " 


absence 
s, myelin is formed there by 


SUMMARY 


The body of a multicellular animal is made of many types of cells. The cells are sepa¬ 
rated by or bound together by extracellular material. A tissue is made up of one or 
more types of cells set in extracellular material. Each tissue has specific function. 

Cells not widely separated are often held together by cell junctions. 

Animal tissues include epithelial tissue which covers free surfaces, connective tis¬ 
sue which holds other tissues together, muscular tissue which carries out movement 
and locomotion, and nerve tissue which conducts information as propagated poten¬ 
tial changes. An organ may be made up of more than one type of tissue performing 
specific functions. An organ-system consists of several organs whose coordinated 
activities help to carry out a major biological process. The major organ-systems are 
those which concern with digestion, respiration, circulation, excretion, locomo¬ 
tion and movement, reproduction, nervous and hormonal coordination. 

Simple epithelium may be of several types, viz. cubical, squamous, columnar, 
pseudostratified and ciliated. Compound epithelium may be stratified or transi¬ 
tional. Stratified epithelium covering the skin has its superficial cell layer heavily 
keratinised and protects the underlying tissues from mechanical abrasions. 

Glands have secretory function. Exocrine glands have ducts for conducting secre¬ 
tions to the sites of action. Endocrine glands have no ducts and secrete hormones into 
the blood. 

The connective tissue holds other tissues together. It contains large amount of 
extracellular materials. The extracellular material may be rich in fibres, or deposited 
with mineral salts, or fluid. The areolar connective tissue forms the supporting 
framework of organs. It is made of several types of cells, e.g. fibroblasts, macrophages 
and mast pells, and some types of fibres such as white collagenous and yellow elastic 
fibres. The areolar connective tissue imparts tensile strength as well as elasticity to 
organs to protect them from injury under mechanical stress. The adipose tissue stores 
fat in its cells, the adipocytes. White fibrous tissue occurs at immovable joints and in 
capsules over organs and carries a few fibroblasts scattered amidst thick collagen 
• fibre bundles. Tendon forms the inextensible attachment of a muscle to a bone. Liga¬ 
ments connect bones at joints. Cartilagdjs a solid but flexible connective tissue with 
cartilage cells in lacunae or spaces in its matrix. Bone is a solid and rigid connective 
tissue. Its matrix is hardened by deposits of calcium and phosphate. Bone cells are y 
located in lacunae scattered in the matrix. Bones forn^te supposing framework of ; 
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the body and protect soft internal organs and viscera. Blood is fluid connective tissue 
composed of blood cells, blood platelets and an extracellular fluid called plasma. Red 
blood cells are non-nucleated in adult mammals and transport oxygen and carbon 
dioxide. White blood cells are nucleated and possess granular or non-granular cyto¬ 
plasm. They help in body defence. Blood platelets help in blood coagulation. Plasma 
transports many nutrients like glucose and amino-acids, waste-products like urea, 
respiratory gases and many other substances. Plasma carries certain proteins. Albu¬ 
mins and globulins help to maintain the osmotic pressure of plasma, fibrinogen coag¬ 
ulates into fibrin during bleeding to prevent blood loss and some globulins act as 
antibodies. 

Muscle tissue is made of muscle fibres whose contractions and relaxations bring 
about movements and locomotion. Striated or skeletal muscles can be moved volun¬ 
tarily. They mostly occur in association with bones. They bear cross-striations in the 
form of alternate dark (A) and light (I) bands. The muscle fibre contains many cylin¬ 
drical myofibrils. In each myofibril, contractile filaments of proteins called actin and 
myosin are arranged in a regular order. This gives the crosS-striated appearance to 
the myofibril and also to the muscle fibre. Smooth muscles occur on viscera, internal 
organs and blood vessels. Smooth muscle fibres are elongated, spindle-shaped and 
mono-nucleated. They show no cross-striations and cannot be worked voluntarily. 
Cardiac muscle forms the walls of heart chambers. 

Nerve tissue receives and transmits information and messages in the form of 
nerve impulses which are propagated potential changes. This tissue is composed of 
neurons and neuroglia cells. Each neuron has a large cell body with two or more pro¬ 
cesses extending from it. One of the processes carries nerve impulses away from the 
cell body and is called the axon; other processes carry nerve impulses towards the cell 
body and are called dendrites. The axon forms intercommunicating junction, called 
synapses with dendrites and cell body or axon of some other neuron. The cell body 
carries in its cytoplasm many small basophilic granules called Nissl granules or bod¬ 
ies which are folded aggregates of rough endoplasmic reticulum. The extended axon 
or dendrite is called a nerve fibre. It is covered by a continuous ncurolemma sheath 
outside the central nervous system. Besides, some nerve fibres are also covered by a 
myelin sheath. The myelin sheath is interrupted at regular intervals forming nodes of 
Ranvier. Such nerve fibres are called myelinated nerve fibres. Neuroglia cells hold 
the neurons in position m the central nervous system. 


QUESTIONS 


1. Match the terms in column I with those in column II: 

Column I Column 11 

(a) Stratified keratinised squamous |<(i) Nerve impulse . . y\j- 

epithelium Cjfo Erythrocyte 

(b) Exocrine gland - -— t^Tiii) Transitional epithelium ^ ^ 

»(c) Polycythemia A (iv) Megakaryocyte^--— 

(d) Node of Ranvier >- / V ) (v)Tear 

(e^Pendrite 
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(!) Blood coagulation 

(g) Blood platelet 

(h) Macrophage 

( 1 ) Urinary bladder 

(j) White fibrous tissue 

(k) I band 1 


2 . 


& (vt) Collagen fibres 
k (vii) Phagocytosis 
Cfc. (viii) Skin 
flL, (ix) Actin 

(x) Trachea •— - — 

JQ- (xi)Prothrombin 
^ (xii) Myelinated nerve fibre 

Distinguish between; J 

(a) A band and I band r 

(b) Plasma and serum y 

(c) Simple epithelium and compound epithelium */ 

(d) Cardiac muscle and striated muscle «- 

(e) Neuron and neuroglia v' 

(f) Simple gland and compound gland ^ 

(g) Nerve fibre and muscle fibre 

(h) Single-unit smooth muscle and multi-unit smooth muscle 

(i) White collagen fibres and yellow elastic fibres 

(j) Tendon and ligament \ 

(k) Myelinated nerve fibres and non-myelinaled nerve fibres 

3. Name the tissues where the following structures occur; ■jfv'-- • 

Fat cell (ii) Haversian canal (iii) MyrntonTfiv) AxS^v) Schwann ce(!\ 

4. Mart the odd one m each series; 

(a) Areolar tissue-, blood; neuron; tendon 

(b) Prothrombin; hejfenn; fibrinogen; thromboplastin 

(c) Salivary gland; gastric glandjlg^r gland; thyr)ji«fgland 

(d) Neurolemma! dendrite; Zb'Snd; myelin 

V * 

Describe fijc microscopic structure of the following with diagram: 

(i) Compact bone (ii) Stratified epithelium (iii) Adipose tissue (iv) Striated~mus- 
cle fibre (v) Cardiac muscle cell (vi) Stratified squamous 1 epithelium 

How ,do erythrocytes transport oxygen and carbon dioxide in the blood? 


5. 


-" 6 . 


.•teasv, 


Name the major classes of plasma proteins and describe their funettons.^ 

8. What are the following.tilings ? Where dp-youjind them in the animafbody' 1 

(i) Osteocytes, ^NjssLbpdies (iii) Hemoglobin (ivlHaveKian system (v) Cana- 
liculi (vi) Cilia^PepimeluR^ivii) Brush-bordereSoounmaf epithelium (viii) 
Single-unit^srji^ot^r^scles (ix) j^^unae (x) Nodes 

9. How does blood get coagulated on coming out from an injured vessel ? How is 
coagulation normally prevented in an uninjured vessel ? 


.to a. 


10. Fill in the blanks: I 

(a) A tendon attaches a WhAj <-*•*- 

(b) Pseudostratified epithelium lines t 

tional epithelium lines the tract. 

(c) Dark bands of muscle fibres are made pf the protein 
light bands are composed of 


^ aL . 

>4^ y^while transi- 




while 


iT. 
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come to the cel! hotly of a neuron 
.and goes away from the ceil bodv 


(d) Nerve impulses 

its JlAlb- 

_ . 

(c) Lacunae of bones house flS.fge Wtgj _while lacunae of cartilages 


along 

along 


contain ~ i. 

(1) Tendon contains bundles of.te.U&W' hM 
tg&ii cells between them. ' 


yu, fibres and rows of 


11. Write whether the following statements ate true or false: j)tn\ 

(a) Stratified squamous epithelium covers moist suifaces like buccal caviiy, 

(b) Fibroblasts store fat in the adipose tissue, p <vs 

(c) Serum albumin acts as antibody to help in body defegte.* 

: (d) Transitional epithelium prevents loss of water freon (m 
rv urine. Ua* , 

(ej Blood platelets are formed from macrophages, r 4P J£V ‘' 

(f) Nodes of Ranvier occur in non-myelinaled nerve fibres, f- 

(g) Single-unit smooth muscle fibres may contract automatically and 
rhythmically! 

(h) Sarcomere is a segment of striated muscle fibre between consecutive Z 
bands. 


dT 



CHAPTER 33 


ANIMAL NUTRITION 


\** 



Nutrition is the procurement of sub¬ 
stances necessary for growth, mainte¬ 
nance and activities of a living body, 
Energy is required for synthesising 
organic molecules, forming biological 
structures and running life processes. This 
energy is obtained either directly as light 
photons from sunlight or indirectly as 
chemical bond-energy of molecules taken 
in food. Greei| plants can directly utilise 
the energy of sunlight to synthesise 
organic molecules such as sugars from 
inorganic substances. Such form of nu tri¬ 
ti on utilising directly the energy of sun¬ 
li ght is called AUTOT ROP HIC MOD E OF 

nutrition . In contrastTanimals must 
acquire energy in the form of bond-energy 
of organic molecules synthesised by 
plants. They derive orga nic food materials 
by .consuming bodies o r products of other 
l iving or dead plants or "anim als. _This 
f orm of nut rition is called HETERO- 
TROPHICMJTRm ON. Ultimately, ail ani¬ 
mals get their energy from sunlight 
through plants. 


HETEROTROPHIC NUTRITION 

Ileterotrophic nutrition is of two main 
types —holozo ic and saprozoic . All verte¬ 
brates and many invertebrates eat whole 
plants, whole animals or their parts. Dur¬ 
ing digestion they partly hydrolyse the 
large organic molecules with the help of 
enzymes. Th e_diges tedmaterial is subse¬ 
quently absorbed into cells~'and" ufili se~d. 

This is'known a s HOLO ZOIC NUTRITION.^ 
In SAPROZO IC NUTRITION a l iving org an¬ 
ism thrives on decaying organic materials 
of plant oT animal” origin. The organism 
"secretes enzymes to the surrounding 
medium to hydrolyse such materials into 
simple and soluble products and absorbs 
them through the body surface. 

Digestion 

The complex and large organic molecules 
of plant or animal origin, which may be 
consumed by animals have to be con¬ 
verted into simpler and smaller molecules 
before they can enter into cells. Digestion 
breaks large molecules of organic nutri -;' 
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ents into smaller molecules, and less solu¬ 
ble or insoluble molecules into soluble 
ones. This is necessary for the entry of 
those molecules into the protoplasm of 
the cell. Small and water-soluble mole¬ 
cules such as glucose and vitamin C need 
not be digested before they enter a cell. 

Digestion is carried out mostly by 
cleaving covalent bonds in nutrient mole¬ 
cules by hydrolysis, using a molecule of 
water for the cleavage. Digestion is ca r¬ 
ried out by enzymes, calle d HYDROLASES. 
In many lower organisms, particularly 
unicellular protistans like amoeba , the cell 
engulfs food materials by endocytosis. 
They are then digested by the enzymes 
inside the cell. The digested products pass 
to the cytoplasm across the endocytotic 
vesicle membrane. Such digestion i s. 
called int racellular digestion. Intra¬ 
cellular digestion also occurs in some mul¬ 
ticellular animals. 

With the evolution of multicellularity, 
intracellular digestion has been progres- 
s ively replaced b y E XTR ACELLULAR 
digestion. In extracellular Hijestidn. a 
cell usually synthesises one or a few diges¬ 
tive enzyme s for diges ting on ly a specific 
t voe of nutrient . These enzymes’ are 
secreted into the surrounding medium. 
Food materials are digested outside the 
cells and the products are then absorbed 
into the cells. 

For more effective extracellular diges¬ 
tion, multicellular animals ingest the food 
into relatively narrow cavities or canals, 
enclosed in the body but communicating 
with the exterior. Food is digested extra- 
cellularly by enzymes secreted into that 
cavity or canal. A. complex alimentary 
canal has progressively evolved for extra¬ 
cellular digestion in higher invertebrates 
and vertebrates. The alimentary canal has 
apquired separate openings for food inges¬ 


tion and for elimination of undigested 
remnants. This enhances the efficiency of 
digestion and absorption. The canal is 
divided into different chambers and spe¬ 
cific enzymes are secreted for digesting 
specific nutrients in each chamber. Cells 
secreting digestive enzymes are either 
located on the walls of these chambers or 
collected in digestive glands (e.g. salivary 
glands and pancreas). 

Alimentary or Digestive system 

It consists of an alimentary canal and its 
associated glands. Food is taken into the 
alimentary canal through the mouth and 
is propelled along by the movements of 
muscles on its wall. Glands located on its 
wall as also in some associated organs, 
secrete enzymes and other digestive mate¬ 
rials into the lumen of the canal. After 
extracellular digestion the products are 
absorbed into the cells on its wall. The 
u nabsor bed food remnants are passed out 
from the alimentary canal by a process 
called EGEST ION. The alimentary system 
differs widely in different animals in spite 
of the basic similarities in structure and 
functions. Let us study two instances,one 
in the invertebrate prawn and the other 
from mammals. 

Alimentary System of Prawn: It consists of 
an alimentary canal and a single digestive 
gland called the HEPATOPancreas (Fig. 
33.1 ). The ALIMENTARY canal is divided 
into the foregut, the midgut and the hind- 
gut. The foregut consists of a small buc¬ 
cal cavity, a broad muscular tube called 
oesophagus and a sac-like stomach. 
The foregut communicates with the exte¬ 
rior through the mouth. Ingested food is 
moved to the stomach by the movements 
of muscles on the ogsophageal wall. The 
food is crushed between cuticular plates 
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on the stomach wall by the movements of 
the stomach. The duct from 
hepatopancreas opens into the Stomach. 
The enzymes of the hepatopancreatic 
juice digest foods in the stomach. The 
food then passes from the stomach to the 
midgut. Diges ted foods are absorbe d 
fro m the stomach and the midgut and 
stored in the hepatopa ncrea s. The reniain- 
ing undigestedTood passes to the HIND- 
GUT and remains stored temporarily in its 
swollen muscular chamber called the REC¬ 
TUM. Finally, it is eliminated by egestion 
through the ANUS. Midgut and hindgut 
constitute the intestine. 

The hepatopancreas is a gland located 
around the stomach and the midgut. It 
serves the r oles of pancreas, intestina l 
gl ands and liver of high er animals. Jl 
se cretes enzyme s for digesting carbohy- 

t he absorbed nutrients . 

Mammalian Alimentary System'. All mam¬ 
mals possess a muscular tongue in the 
floor of the buccal cavity (Fig. 33.2). It 
helps in ingestion, chewing and swallow¬ 
ing of foods and also bears taste buds 


which perceive the tastes of foods. Most 
mammals possess teeth on their jaws. The 
root or roots of each tooth are set into cav¬ 
ities, called tooth sockets on jaws. The 
number and types of teeth vary from spe¬ 
cies to species. An adult human being has 
16 teeth on each jaw. In each half of jaws 
starting from the middle and going back¬ 
wards, there are two incisors, one canine, 
two premolars and three molars 
(2+1+2+3). Incisors are shaped like a 
chisel and possess sharp cutting edges. 
Canines are shaped like a dagger and 
pierce the food; they are very large and 
well-developed in predatory mammals. 
Premolars and molars are broad, strong 
crushing teeth. With the help of the teeth, 
tongue and jaw movements, food is 
chewed and mixed with saliva in the 
mouth. 

Three pairs of salivary glands, viz. 
parotids, submaxillary (submandibular) 
glands " and"" sublingual glands secrete 
saliva winch reaches the mouth through 
their ducts (Fig. 33.3). In a few mammals, 
including man and pig, saliva contains a 
starch-digesting enzyme. J vfecin in saliva , 
helps, to , lubricate ,tgVfo^|or; 
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Salivary glands 


Oesophagus 


i 

Stomach WM/uvi 

Pyloric sphincter 
Pancreas 


Large intestine 
Small intestine 


Pig. 33.2 Alimentaiy system of man 


swallowing. 

- mouth leads to a funnel-shape 
pharynx which communicates with a lor 
muscular tube-likeWo esophagu s (Fi 
33.2). The oesophagus opens into tl 
stomach. The swallowed food is propelle 
towards the stomach through the oesopl 
ugus by the movements of its muscult 
wall. 

The stomach is a large muscular sac. 
is somewhat J_-shaped in a huma n beit 
and occupies the left side of the abdomei 
.The oesophagus opens at the cardiac en 
of the stomach while the pyloric en 


(antrum) of the stomach opens into the 
small intestine. The stomach has man y 
glands on its wall. The cells o f these glands 
secrete H O, protien -dieestinp enzymes 
( pepsin and rennin ) and mucin in the 
lum en j af the stoma ch. The mixture of 
their secretions in the gastric lumen Ts 
called Gastric JUICE. lt digests proteins 
i n the stomachTTHe muscles on the stom¬ 
ach wall churn and mix the food with the 
gastric juice. They also propel the food to 
the small intestine through the pyloric, 
end. 
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Fig 33.3 Locations of salivary glands in man 



Fig 33.4 Compound stomach of a ruminant animal 
(Arrows indicate the passage of food 
through it) 

Ruminant animals such as cattle , b u f¬ 
f alo", sheep, goat a nd camel have a C OM¬ 
POUND STOMACH. It consists of four 


A traumatic wound in the abdomen 
of a man, named St Martin, resulted 
in a permanent opening in his stom¬ 
ach wall. As the lumen of his stom¬ 
ach could be reached through the 
holes in the walls of his abdomen 
and stomach, scientists used him to 
study gastric secretion and digestion 
in the intact human stomach. 

I. P. Pavlov, the eminent Russian 
physiologist, cut a piece of gastric 
mucosa from the stomach of a dog. 
He made a pouch of the cut piece of 
mucosa. The pouch was connected 
to the main stomach by a muscle 
band along which it received the 
nerve fibres and blood vessels. The 
pouch was opened to the exterior 
through an opening in the abdomi¬ 
nal wall. But the lumen of the pouch 
did not communicate with the main 
stomach. It was called Pavlov’s 
POUCH and was extensively used by 
Pavlov in studying the effects of 
feeding on gastric secretion. 


chambers, viz . RUMEN. RETICULUM. OMA¬ 
SUM and abomasum (Fig. 33.4). Some 
ruminants like camel and deer, however, 
do not have omasum. Rumen is the first 
and the largest of ffife Ibur^chimBers. 
Rumen and reticulum harbour numerous 
bacteria and protozoa, which carry out 
extensive fermentation of cellulose. So, 
these two chambers function as sites for 
cellulose digestion in ruminants. Food 
passes from rumen and reticulum to oipa- 
sum which concentrates the food by 
absorbing water and bicarbonates. 
Finally, the food reaches the fourth cham-, 
ber, abomasum. This is the true stomach' 






JUU 


WOLOOY 1 



Fig 33.5 A portion of human alimentary system showing locations of liver, pancreas and gall bladder 


and secretes gastric juice containing HC 1 
and-pepsin’ T he other three chambers "do 
not secrete gastric juice. From abomasum, 
the food passes to the small intestine. 

The small intestine of mammals is a 
long, highly coiled, narrow tube. Its wall 
puts out numerous long, finger-ltlce pro- 
, j ections into its lumen . These projectio ns 
j called villi increase the surface area of 
;' the intestinal mucosa__aad...consequently 

|>{; enjiangs. absorption ' 


In higher mammals like man the small 
intestine is usually distinguished into 
three parts, viz. DUODENUM, jejunum 
and ILEUM. Each part has distinctive 
microscopic structure. Duodenum, the 
first part, is U-shaped. 'UilfiCttijMnJile 
duct opens into it and drains juices from 
pancreas and liver . The jejunum follows 
duodenum and is^onger and more coiled. 
The last part or ileum is also highly coiled 
and opens into the large intestine. All the, 
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three parts of the small intestine have 
many tube-like g lands in their wall. These 
glands secrete intestinal juice into the 
intestinirlumenTT his juice contains a 
nurnb^feozyines for digesting various 
typesoTfood7"The muscles on the intesti¬ 
nal wall chum, knead and crush the food, 
mix it with intestinal juices and propel it 
towards the large intestine by their con¬ 
tractions. The digested products are 
absorbed mostly from the small 
intestine. 

pancreas is located in the bend of the 
duodenal loop (Fig. 33.5). It secretes PAN - 
creatic JUICE, rich in enzymes for digest- 
i rig "starch, lipids, p roteins an d nuc le ic 
acids/The pancreati c iuicei sxeleasadlnto 
the pancreatic ductjvhich joins the com- 
miM'TilKfHuct. T he liver is^ the largest 
gland of the body (Fig. 3 3.’5). It is located 
ihthe rightupper part of the abdomen just 
below the diaphragm. I t secretes bile co n¬ 
tai ning bile pi gments and organic saltSj 
ca fled bile salts. T he bile salts h elp jg. 
di gesting and absorbing fat . The secr eted 
bile passes from the liver through the 
hepatic ducts to the common bile duct 
which opens into the duodenum. If the 
intestine contains no foo&, the bile flows 
through a cystic duct to the gall bladder 
instead of flowing into the duodenum. 
T he gall BT .iADDFR..i&ja-smalLelongated. 
muscular sac below the liv e r. It st p yes bil e. 
When food comes into the small intestine, 
the gall bladder contracts to expel the 
stored bile into the intestine through the 
cystic duct and the common bile duct. Do 
you know that ajiorse hasno gall bladderlj 

Digestion Jf different nutrients is coim 
V , pleted~m~the small interne V y the action 
oTpapaeatic juic VTntrs^ariUi^ggtl 
l^^e^The'end products "oT digestion are 
then absorbed from the small intestine. 

The small intestine opens into the 


large int estine. It is much shorter and 
much wlderTRan the small intestine. It 
shows neither villi nor brush-bordered 
cells unlike the small intestine. The large 
intestine has three parts — CAECUM, 
colon, and[ rectum. The caecum is very 
large and spacious in herbivores such as 
horse and ass. But in man it is reduced to a 
small pouch-lik part below the opening of 
the ileum into the large intestine. Human 
colon co nsis ts of an ascending colon, 

a TRANSVERSE COLON , a DESCENDIN G 
colon. a nd a pelvic colon. The pelvic 
colon continues inToTfie rectum which 
opens to th e exterior through t he anus. 
The large intestine secretes no enzyme 
and plays only a minor role in the absorp¬ 
tion of nutrients. The large intestine 
serves to store unabsorbed food remnants 
temporarily. It also concentrates the con¬ 
tents by absorbing wa ter to form faeces. 
The movements of the colon help t o void 
t he faeces throug h the anus. Th is is k nown 
as egestionT 

In herbivores numerous bacteria live in 
t he spacious caecum and colon, and fer¬ 
ment cellulos e. So, in such animals, the 
large intestine is important f or cellul ose 
digestion . * Qj* 

Digestion of Carbohydrates 

For many herbivorous animals, the cellu¬ 
lose of the plant foods is the principal 
source of carbohydrate. But vertebrates 
have no enzyme to digest cellulose. They 
have to depend on symbiotic digestio n 
of ceUulosebvmicioorganisms harboured 
in their digestive tracts, Man and animals, 
subsisting on cereal grains, fruits, or 
tubers, consume carbohydrate mainly in 
the form of starch. They also consume 
some disaccharides such as sucrose (cane ' 
sugar) and lactose (milk sugar) i n food. 
Starch and disaccharides are digested,^,, 



Table 33.! 


THE MA10R GASTROINTESTINAL ENZYMES IN MAMMALS 


Juice Emyme Site of Subntmtce Products 

Action 


Saliva Ptyalin 

Gastric Juice (a) Pepsin 

(b) Rennin 
Pancreatic (a) Amylase 
Juice 

(b) Trypsin 


Mouth,Stomach Starch, dextrins, 
glycogen 

‘Limit’ dextrins, ■ 
maltose, isomaltose' 

Stomach 

Proteins Casein 
(milk) 

Peptones, Paracasein 
(curd) 

do 

Casein 

Paracasein 

Small Intestine 

Starch, dextrins 
glycogen 

‘Limit* dextrin, 
maltose, isomaltose 

do 

Proteins 

Chymotrypsinogen 
(inactive), _ 

Peptides, 
Chymotryp- 
sin (active) 


i i yuu wua;- - rn< 

peptidases (inactive) (active) 
Procfegtay (inactive) Elastaae (active) 
FibpiiQgcn (blood) Fibrin (clot) 
Casein (milk ) Paracasein (curd) 




Intestinal 

juice 


fifitryp- Small intestine 


(d) Carboxypep- 

Edases* 

(e) Lipase 

(f) DNase 


(g) RNase 


do 

do 

do 


(b) Aminope- 
ptidaes 

(c) Dipeptidases 

(d) Isomaltase 

(e) Maltase 
(0 Sucrase 

(g) Lactase 

(h) Lipase 

(i) Nucleotidase 

(j) Nucleoside 
phosphory- 


do 

do 

do 

do 

do 

do 

do 

do 


I BnteTopc p- ^ Sm alTIntestine/ 



Peptides 

Triglycerides 

DNA 


(inactive) 


Peptides 


Dipeptides 
'Limit 1 dextnns, 
isomaltose 
Maltose 

SucfgSr"" ^ 
Lactose 


Smaller peptides, 
ammo-acids 
KTonoglycendcs, 
Fatty acids 
Deoxyribo nu¬ 
cleotides 

"M 

Trypsin (active^ 


Smaller Peptides, 
Amino-adds 
Ammo-adds 
Glucose 

Glucose _, 

"Glucose, fructose 


Triglycerides 

Nucleotides 

a 

Nucleosides+ 
phosphate 




GlucoseTpalactose") 
MonoglycerKles," 
Fatty adds 
Nucleosides, 
Inorganic phosphate 
Purine/pyrimidine, 
Pentose phosphate 



carbohydrases of the alimentary 
system. 

Man secretes a starch-hydrolysing 
enzymelh tftesaHya. it is called salivary 
amylase or I’TYAHN.^ But ptyalin 'is 
absent In^the 'saliva of many animals 
including domestic herbivores like cows 
and buffaloes, and predatory carnivores 
such as tigers and lions. Interestingly, pigs 
consume roots and tubers containing 
stored starch, and secrete ptyalin in their 
saliva. Chewing food helps in ptyalin 
action, because it mixes the food with 
saliva. It also breaks food particles into 
smaller particles wit h greater surface area 
exposed to ptyalinaction. Cooking vege¬ 
table foods causes breaches in the cellulo- 
sic cell walls of plant cells to enable ptyalin 
to enter and digest the starch. Ptyalin 
causes__ hydrolysis of starch" into 
disa cchari des—maltose and isomaltose 
and'_smalf"~dextrins, "'catted' "Tiimt’ 
djktnns. GiUlcosc. 

About 30 per cent of the food starch is 
hydrolysed in the mouth. If you chew a 
piece of bread slowly, it will taste sweeter 
after some time. This is due to the produc¬ 
tion of the sweet tasting maltose from 
starch by ptyalin. Ptyalin reaches the 
stomach mixed with the swallowed food. 
There it continues digesting starch for 
sometime. The hydrochloric acid present 
in the gastric juice destroys all ptyalin in a 
short while. T he gastric j uice contai ns no 
carbohydrate-HTgestingepzvmeT 


Activity : Boil some starch in water. Cool 
and pour the starch solution into three test 
tubes labelled A, B and C. Add a drop of 
dilute iodine solution to each test tube. 
Introduce some saliva to test tubes A and 
B and some water to test tube C. Put a few 
drops of dilute HQ to tube B. Shake 


the tubes and keep them standing at the 
room temperature in summer or in a 
water bath at 37-38°C in winter, Note the 
change of colour in the test tubes every 10 
minutes. The blue colour changes to red¬ 
dish violet and gradually disappears in 
tube A as ptyalin hydrolyses starch to dex- 
trins. The blue colour of iodine persists in 
test tube B, because 1IQ destroys ptyalin 
and prevents starch hydrolysis. In test 
tube C also the blue colour of starch solu¬ 
tion remains unchanged, because it con¬ 
tains no ptyalin to digest starch. 


The carbohydrases of pancreatic and 
intestinal juices digest carbohydrates in 
tire small intestine. The pancreat ic juice 
contains a starch-digesting enzyme,, called 
pancrIatic amylase. Starch" is 
KyHroiysed by it to maltose, isomaltope 
and ‘limit’ dextrins. Enzymes, isomaltase 
and maltase. of the intestinal juices fur¬ 
ther hydroly se maltose, i somaltose a nd 
‘limit’ dextrins into gluco se. 


The animal polysaccharide glycogen 
present in the liver and flesh may 
also be similarly hydrolysed by the 
same enzymes into glucose. But ^ 
ordinarily very little glycogen can be 
utilised from food, because glycogen 
is rapidly degraded to lactic acid by v? 
the enzymes of the liver and muscles,, 
after an animal is killed. r\4, 

--La*, 


Besides maltase which hvdrolvs es 
maltose, the inte stinal Juice contaiarat| 
l east two other enzymes. su c RASE hvdrbl? ^ 
vs es sucrose into glucose and fructose i 
l actase breaks down lactose mto ftlup 
and g alactose. , t/M 




The human being is the only mam¬ 
mal who ingests significant amounts 
of laptose in milk even as an adult. 
Curiously, many human adults can¬ 
not digest milk, because with age 
they produce little or no lactase in 
the intestinal juice. In such persons, 
the lactose of milk remains undi- 
gested and is fermented in the intes¬ 
tine producing gases and acids. This 
//results in flatulence, intestinal 
pramps and diarrhoea. But an intake 
of yoghurt (dahi) or curd (clotted 
„ casein) poses no digestive problem 
" because lactose is fermented into 
Tactic acid in yoghurt and is left in j 
,/ solution in the whey of curd. The | 
/. digestibility of bread is increased by 
• toasting because some of its starch is 
. broken into dextrins during the 
^process. 


i 

The cellulose of plant fibres is digested 
by microorganisms thriving in the alimen¬ 
tary canal of herbivorous mammals. 
Unlike vertebrates and most inverte¬ 
brates, some bacteria and protozoans con¬ 
tain enzymes for digesting cellulose. Such 
^microorganisms live as symbionts in the 
rumen and reticulum of ruminants like 
cows and buffaloes, and in the large intes¬ 
tine of other herbivores such as horses and 
donkeys. These microbes ferment cellu¬ 
lose into short-chain fatty acids such as 
acetic acid and propionic acid. These fatty 
acids are then absorhed and utilised by the 
host animal. 

Digestion of Proteins 

.Food proteins are broken down ultimately 
'/into amino-acids by gastrointestinal 
/enzymes. Enzymes hydrolysing proteins 


In ruminants, cellulose fermentation 
is particularly facilitated by rumi¬ 
nation or chewing of the cud. 
Boluses of food are drawn from the 
rumen to the mouth, chewed thor¬ 
oughly to break the plant fibres more 
finely, mixed with saliva to promote 
further fermentation and swallowed/ 
again into the rumen. There if 
undergoes ftirther fermentation, i 
In rats, guineapigs and rabbits, fer¬ 
mentation and absorption of cellu¬ 
lose are not complete in a single pas¬ 
sage of food through the intestine. 
So, they eat their faeces (coproph- 
AOY or excreta eating) containing 
much undigested cellulose. This pro¬ 
vides for the fermentation and 
absorption of the undigested cellu¬ 
lose again in the large intestine. 
Microbial fermentation helps diges¬ 
tion of cellulose in the intestines of 
many invertebrates like termites. 
Some invertebrates themselves 
secrete cellulases for. hydrolysing cel¬ 
lulose in the digestive tract. 


are called p roteases or peptida ses. 
Many of the proteases are secreted in inac¬ 
tive forms called proenzymes because if 
synthesised in active forms, they would 
hydrolyse cellular and extracellular pro¬ 
teins of the organism itself. Inactive 
proenzymes are activated at the sites of 
their actions^tfeei^hjwpecific proteases 
or by optim al pJHtha ngcs.—- 
Sa liva contains ftooro teass-aad hydroly¬ 
sis of proteins does not occur in the 
mouth. But if you pat an uncooked natural 
(native) protein such as that present in 
raw egg, unboiled milk or uncooked ger- 
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minting gram salivary water denatures 
the nrotein without hydro lysing it. 

■protein digestion startsm the stomach. 
The gastric juice of most vertebrates con¬ 
tains HQ and pepsinogen. HC1 maintains 
a strongly aci dic pH of about 1-2 in the 
stomach. At this acuiiTpH,) inactive pep- 
sinogen is spontaneously hydrolysed into"* 
ac five''PEPSiN and an inactive peptid e. 
Once some pepsin is formed it hydrolyses 
many other molecules of pepsinogen into 
pepsin in the same way. Pepsin hydrolyses^ 
proteins at an acidic pH; invertebrates do 
not have proteases for acting at an acidic 
pH in the alimentary tract. Therefore, 
protein digestion by pepsin-HCl, though 
almost universal in higher vertebrates, is 
absent in invertebrates. TiCl not only pro ¬ 
v ides an acidic pH in the stomach fo r opti¬ 
mum pepsin a ction, but also denatures 
many lood proteins. This facilitates pep¬ 
sin action. Pepsin hydrolyses mjmyjpro- 
teins into s maller molecules offieptonej 
It can d igesTeven collagens of connecti ve 
tissu elibres, but not keratins of hor nT 
hgffjk fn^rnail. As th e food passes to the 
duodenum, pepsin action is stopped by 
the al kalinity ot intestinal contents. "’**^ 
Digestion of the principal milk7pro.tein 
caseiq is initiated in the stomach with 
its coagulation. Pepsin hvdrolvses soluble 
casein into par&casein and whey pro¬ 
tein. Paracasein is tnen~pre cipltated~spon»' 
taneQusly as calcium paracasemate'TD 
form~ihe solid cur d (coagulation of 
MiLKXX alf gastric ju ice contains anoth er 
feaseTc&flei 


milk coagulai 

It is secreted as inactive pro-rennii 
acidic gastric pH provided by HC1, pro- 
rennin is hydrolysed into active rennin. 
Rennin then hydro|yses casein into 
paracasein, leading to milk coagulation. 
Rennet tablets, containing rennin 
extracted from calf gastric mucosa, are 



mtain 


often used commercially for coagulating 
the casein of milk to curd. But adult cows 
or human , infa nts do not secreteTenmff . 
The function of rennin is taken over then 
by pepsin and other milk-coagulating 
enzymes. Coagulation of casein pro- 

1 Pancreatic and intest inal juice$ 
number of proteasesT 
pancreatic proteases are secreted as inac¬ 
tive pro-enzymes, such a strypsinogen and 
chymotrypsinogen. In" - the mtesGflaH 
"lumen, pancreatic and intestinal juices 
mix together. Then a protease of intestinal 
juice, called jnteropeptidas e or 
ENTEROKINASE, initiatesthe coordinafg ft 
.activation of the pancreatic proteases . In 
fact, some o f the inac tive trypsi nogen ~ 
moleculesof the pancreatic ju ice are first 
hyd rolysed-bV enterc 


into an 

inactive peptide and active trypsin. Tryp¬ 
sin t hen hydrolyses the remaining trypsin -,. 
ogen molecules into tr ypsin. It also acti¬ 
vates other - pancreatic~proteases, viz. 
chymotrypsin and carboxype ptidases. 
'ims enables the simultaneous actTon~oF' ' 
all the pancreatic proteases for a very 
rapid digestion of proteins. 
jtrypsin acts best at an. alkaline pH. ■ 
This is providedTi rtho small in testine hyj^ 
■ the bicarbonates of pancreatic and intesti- * 
jial juices and bile. Trypsin hydrolyses 



proteins, particularlybasic proteins, into 
peptides. But its action in digesting colla¬ 
gen is”very limited. Trvnsin is unable t o , 
hydrolyse casein for theico agulation ojT t 
-TTliJB-bo it cannot'coagulate milk. But in 
predator animals drinking the blood of 
their prey, trypsin hydrolyses fibrinogen 
of blbod into Fibrin, leading to blood coag¬ 
ulation, Besides, trypsin activates»the ■ 
""other pancreatic proteases. Trypsin can-;^ 
not hydrolyse keratins. 
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Most vertebrates lack proteases for 
digesting some fibrous animal pro¬ 
teins such as hair keratin, silk fibroin 
and wool protein.-Occasionally large 
balls of hair are found in the intes¬ 
tines of carnivores, causing great 
hindrance in the movement of food. 
Some invertebrates secrete enzymes 
for digesting such fibrous proteins. 
This is why some insects destroy silk 
fabrics and woollen garments. 


chymotryps in is an important m ilk- 
coagulatftrg^Myme. It hydrolyses casein 
1mo-paraeasem--which then coagulates 
into calcium paracaseinate. But unlike 
pepsin and rennin, it acts in an alkaline 
medium. Chymotrypsin hydrolyses other 
proteins also into peptides. 
Carboxypeptidases hydrolyse the termi- 
nal peptide hnncToHliFn enEde chain "fo 
release the last amino-acid from the pep¬ 
tide, thereby changing it into a smaller 
peptide. 

The intestinal juice contains 

enteropeptidase, aminopeptidases and 
- dipeptidases. The principal action of 
EN TEROPEPTroASEJENTEROK INAgE^iiLlO- 
ac tivate trypsinoge n of tHglpancteatic 
juiceT AMiNOPEPfimS^hydr olyse t he 
te rminal peptide bond Of The neotlHe 
chain to release the last amino-acid from 
the peptide. So, both pancreatic 

carboxypeptidases and intestinal 

aminopeptidases progressively shorten a 
peptide into small peptides by releasing 
. the terminal amino-acid at each step. 

'y * 

> Digestion of Fats 

‘ LIPASES are enzymes for hydrolysing fats 
1 and oils. Lipas_es are soluble in water and 
s' are secreted in aqueous digestive juices. 


But th ey, are not soluble in fats and oils. 
On the contraryTfats an3oTIsmr emsolu 5le 
in water.. They form large Immiscible 
droplets in aqueous media. Therefore, 
lipases can act only on the water-adjoining 
surfaces of fat droplets. Evidently, the 
larger the surface area of fat droplets, the 
greater is the action of the lipase on them. . 
Y ou are aware that the smaller the size of a 
droplet, the larger is its surface area rela¬ 
tive to its mass. Thus, the lipase can digest 
fat in significant amounts only when large 
fat droplets are broken into tiny droplets 
to form a fine emulsion. 

Fats are not digested in the mouth in 
higher animals because the saliva contains 
no lipase, nor is any fat-emulsifying agent 
present in the mouth normally. The stom¬ 
ach also lacks any fat-emulsifying agent. 
The gastric contents show only a mild 
lipase activity. 

^ Fat is largely digested in the small intes- 
" tine. Thepaqcreatic juice contains jiPAN- 
CREATM^tgjASip&Khich is the principal 
enzyirtfiorthe digestion of fat. In addi¬ 
tion, an intestinal lipase occurs" mainly 
in the intestinal epithelial cells and, to a 
smaller extent, in the intestinal juice, bile 
SALTS are of prime importance in the 
’■digestion of fat. Bile salts are steroid s 
s ecreted by the liv er in the bile. In the 
intestinal lumen7they reduce the surface 
tension of fat droplets, causing their 
breakdown into many small ones. A stable 
fine emulsion of fat is thereby formed in 
the aqueous intestinal contents. This 
increases lipase action on fat. 

The pancreatic lipase progressively 
hydrolyses triglyceride fats, first into 
diglycerides and then into 
monoglycerides, releasing a fatty acid at 
each step, About two-thirds of the food fat 
are usually digested to monoglycerides in 
this way. Some of the food fat is digested 
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only up to diglycerides while small 
amounts are absorbed as triglycerides into 
the intestinal cells. The intestinal lipase 
hydrolyses the absorbed diglycerides and 
triglycerides into fatty acids and mono¬ 
glycerides. Fatty acids, monoglycerides 
and tdvcerol'knnne major end products of 


fat digestion, . 

Absorption 

Absorption is the process by which nutri¬ 
ent molecules are taken into the cells of a 
living organism. Most of the digested 
nutrients are absorbed in higher animals 
from the small intestine. You have learnt 
earlier that the presence of villi on the 
inner surface of the small intestine and the 
existence of microvilli on the free surface 
of the intestinal epithelial cells considera¬ 
bly enhance the absorptive capacity of the 
small intestine. Absorption across the 
plasma membrane of the intestinal cell 
depends on two types of processes, viz. 
physical processes such as diffusion and 


Some nutrients such as fructose and 
mannose are absorbed from the 
intestine by FACTUTATED DIFFU¬ 
SION. This is also a passive physical 
process, not needing expenditure of 
energy or active cellular participa¬ 
tion. Like simple diffusion, this 
process also depends on a higher 
concentration of the substance in the 
intestinal contents than in the intes¬ 
tinal cell or blood. So, facilitated dif¬ 
fusion cannot absorb a substance 
completely from the intestine. But 
the process is more rapid than sim¬ 
ple diffusion because the substance 
is carried across the membrane in 
, combination with some carrier mol¬ 
's ecule of the membrane,,; /' * , 


osmosis, and energy-dependent active 
processes involving active participation 
of the cell. 

P assive Absorption 

Nutrients may be a bsorbed passively bv. 
SIMPLE DIFFUSION . This requires the 
“hutrient’to be at higher concentration in 
the in testin aL Tumen thanlnside Ure'ceT) : 
’"Its molecules should also be smalTand 
water-soluble. Diffusion of molec^JejT 
would continue so long as the concentra¬ 
tion difference persists. Thus diffusion 
cannot account for complete absorption 
of any nutrient from the intestine. More¬ 
over, diffusion is a slow process. 

Water is absorbed by osmosis from the 
intestinal lumen to the intestinal cells and 
thence to blood as long as the solute con¬ 
centration is higher in the blood than in 
the intestinal contents. Whenever any sol¬ 
ute is absorbed from the intestine, its 


If sea water is drunk, its Mg 2 + ions , ■ 
increase the solute concentration in 
the intestinal lumen because Mg 2 +is, 
absorbed very slowly. The osmotic 
effect of Mg 2 + in the intestinal 
lumen prevents water absorption 
from the intestine. On the contrary, 
Mg 2+ draws water from the blood toy: 
the intestinal lumen by osmosis. Sb,i| 
water is not gained, but is lost from '; 
the blood on drinking sea water. In y 
acute constipation purgatives cOp-V 
taining magnesium salts (magnetf| 
sium sulphate) are generally use'd£ 
They increase the fluidity apd-visf^, 
ume of intestinal contents an y® e 
same way. This consequently 
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osmotic effect causes simultaneous 
absorption of an equivalent amount of 
water. 

. Active Absorption _ 

In this process, c ells ac tively participate in 
absorbing a substance and have to per- 
foim w or k by spending "energ y. Active 
"absorption occurs more rapidly than dif¬ 
fusion. If cells are poisoned with cyanide 
or depressed by cold, active absorption 
ceases and the rate of absorption declines. 
Active a bsorption can occur even when 
ffiglS55centratioo _of a substance is much 
lowcrintheintMtinarlum*™ 
liloocTBy this process, a substance can be 
""absorbed completely from the intestinal 
contents. Substances of high nutritional 
importance are usually absorbed actively 
from the small intestinejC^J^a+^gUitose, 
galactose and aminoacids. Active absorp¬ 
tion of Na + _ i* r/iwciriftrahl e importanc e 
for theasfca absorption glucose, galac- 
tose and amino-acids. Glucose and galac- 
, tose are absorbed very rapidly and almost 
totally absorbed from the small 
intestine. 

You should remember that during 
active absorption, the substrate is always 
carried across the membrane in a specific 
direction and never in the opposite direc¬ 
tion, irrespective of its concentrations on 
the two sides. A substrate may be carried 
against its concentration gradient, the 
mechanism resembles a pump carrying 
water against gravity and has been called a 
pump by analogy. In a membrane pump 
each substrate is actively absorbed with 
the help of a specific membrane protein 
acting as its carrier. The energy required 
for this process is derived from th ehvdrol- 
, y sis of ATP by the carrie r protein Icting a y 
sodium PtngTof the mem- 


brane helps in the active absorption of 
Na + in the intestine. You have learnt it in 
Unit Two. 

Micelles in Fat Absorption: Most of the end 
products of fat digestion are actively 
absorbed from the intestine. But unlike 
water-soluble sugars and amino-acids, 
monoglycerides, diglycerides and fatty 
acids are insoluble in water. So, they can¬ 
not be directly absorbed from the intesti¬ 
nal contents. They are first incorporated 
into small, spherical, water-soluble drop¬ 
lets called MICELLES with the help of the 
bile salts and phospholipids in the intesti¬ 
nal lumen. Each micelle is an aggregate of 
many molecules. It is from these micelles 
that fatty adds, glycerides, sterols and fat- 
soluble vitamins are absorbed into the 
intestinal cells. An obstruction in the bile 
duct may prevent the entry of bile into the 
small intestine (obstructive jaundice); in 
this condition, large amounts of unab¬ 
sorbed fats are eliminated in the faeces. 
This emphasises the importance of bile in 
the absorption of fat. Normally, faeces 
contains almost no fat because the prod¬ 
ucts of fat digestion are actively and 
almost totally absorbed. 

Absorbed fatty acids, diglycerides and 
monoglycerides are used in synthesising 
fat in the intestinal cells. These fats are 
then released from the cells into the lymph 
in the form of droplets called 
chylomicrons. You will read about 
lymph in Chapter 35. 

Nutritional Requirements 

Nutritional Roles of Food Constituents 

You have learnt that the major constitu¬ 
ents of food are carbohydrates, proteins 
and lipids. They are digested in the ali¬ 
mentary canal into small molecules such 
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as sugars, fatty acids and amino-acids. 
After absorption, some of these are 
oxidised for obtaining energy whereas 
others are used in synthesising large mole¬ 
cules of carbohydrates, proteins and fats, 
characteristic of particular species. 
Besides these three classes of organic 
materials, animals must also take in their 
foods small amounts of a wide variety of 
organic substances called vitamins. Many 
minerals must also be supplied in small 
amounts in the food. Some of these miner¬ 
als such as sodium, potassium, calcium, 
magnesium, chlorine and phosphorus are " 
required in larger amounts 
(MACROELEMENTS). Some others'such as 
iron, iodine, zinc, manganese, cobalt, cop¬ 
per, molybdenum, selenium, fluorine, etc, 
a£e needed in very small amounts , hence 
they are calle d microelements or trac e 
ELEMENTS . Minerals and vitamins occur 
in the form of small molecules and many 
of them need no digestion. But a few are 
absorbed with the help of some digestive 
juices like the bile and gastric juice. Each 
of these food constituents performs a dis¬ 
tinct role in the body and is needed in spe¬ 
cific amounts in the diet. . 

U'l CjLlo'fltfcVMV- 

Carbohydrates : T he principal nutrition al 
role of carbohydrates is the production of 
energy. Complete combustion of 1 gram 
of carbohydrate in the bomb calorimeter 
in ajaboratory yields 4.1 kcal. This is 
called' the c aloric value of carb ohy- 
drate. But each gram of food carbohydrate 
yields 4 kcal of energy on oxidation in the 
body; this is called the PHYSIOLOGICAL 
FUEL value of carbohydrates. Carbohy¬ 
drates are more suitable for die produc¬ 
tion of energy in the body than proteins 
and fats, because carbohydrate molecules 
contain relatively more oxygen than the 
1 others and, consequently, require less 


molecular oxygen for their oxidation. In 
other words, for each litre of oxygen con¬ 
sumed, carbohydrates yield far more 
energy than proteins or fats. Carbohy¬ 
drates are supplied to the tissues mainly as 
blood sugar. In many animals, including 
mammals, glucose is the blood sugar. 
Food carbohydrates are the major source 
of the blood glucose. Carbohydrates are 
also stored in the tissues as glycogen to r 
use in the production of energy, when n ec¬ 
e ssary . Glycogen in the stored fuel partic- 
"ularlv in such tissues as skeletal m uscles 
"which often have to work with a supplybf 
oxygen far lower than their immediate 
need. You may explain this from the 
knowledge that carbohydrates use less 
oxygen than other foodstuffs for oxida¬ 
tion. Carbohydrates are catabolised into 
substances which may then be changed 
into amino-acids. Glucose is also used to 
synthesise some polysaccharides which 
enter into cellular tissue and structures. 

For humans, 55-75 per cent of total 
food calories should be provided in the 
form of carbohydrates. Of these, 80-85 per 
cent should consist of easily digestible 
polysaccharides such as starch and dex- 
trins, mostly from cereal grains, potatoes, 
cassava, etc. Athletes, labourers doing 
heavy work and mountaineers should live 
on high-carbohydrate diets because carbo¬ 
hydrates need less respiratory oxygen for 
their oxidation than other foods. 

Proteins-. Th e r principal nutritional rol e 
of* proteins is to build tissue structures . 
“Amino-acids absorbed from food are used 
to synthesise structural proteins as well as, 
numerous enzymes, carrier proteins, pro-, 
tein hormones and blood proteins. There¬ 
fore, proteins are essential for bopy 
growth, especially for the young, The& 
acute deficiency in food causes retardaai 



tion of physical growth and mental abili¬ 
ties, failure of maintenance of body tissues, 
and anaemia. Nutritionally, amino-acids 
belong to two categories. Some of them 
cannot be synthesised in the animal body 
and must be supplied with food in ade¬ 
quate amounts. They are called ESSEjfLIAL 
AMlNQjAClDS-ln contrast, other amino- 
acids may be synthesised in the body, par¬ 
ticularly from carbohydrate metabolites. 
They need not be supplied in the diet and 
are called non-esse ntial amino-adds . 

"i ii ~ ~ ~ 


Eight amino-acids are considered 
essential for human nutrition. These 
are methionine, threonine, trypto¬ 
phan, valine, leucine, isoleucine, 
lysine and phenylalanine. Arginine 
and histidine are considered SEMI- 
INDISPENSABLE amino-acids. Gly¬ 
cine, alanine, serine, cysteine, tyro¬ 
sine, proline, aspartic acid and 
glutamic acid are some of the non- 
essential amino-acids. 


Food proteins should include sufficient 
amounts of animal proteins such as milk, 
egg, fish and meat proteins, because they 
contain adequate amounts of all the essen¬ 
tial amino-acids. Plant proteins like those 
of cereals and pulses are frequently defi¬ 
cient in one or more essential amino- 
acids. They are considered nutritionally 
inferior to animal proteins with respect to 
essential amino-acids. However, an 
intake of more than one plant protein in 
the same meal (e.g, sambar-rice, idli- 
, sambar, dal-roti ) improves the nutri- 
^ tional value of plant proteins, because the 
essential amino-acid deficient in each 
h ! .food is compensated by the same amino- 
i. jtcid in the other. 


Besides funning proteins, dietary 
amino-acids are required for the forma¬ 
tion of products like heme of hemoglobin 
the hormones adrenaline and thyroxine', 
the skin pigment melanin, and purines 
and pyrimidines of nucleic acids. Some 
amino-acids give rise to carbohydrates in 
the body. Amino-acids are also 
cataholiscd to give energy. The caloric 
value and the physiological fuel value of 
each gram of protein amount to 5.65 and 4 
kcl, respectively. 

The protein requirement in the diet is 
higher when new tissues are being laid 
down for growth, development or repair; 
it rises during pregnancy and lactation, 
and is higher in infants and children. 
Inadequate intake of proteins may pro¬ 
duce in children two deficiency diseases, 
Marasmus and Kwashiorkor. You will 
read about them later in this chapter. 

Fats: A majoi nutritional role of fat is 
to serve as stored food for use m the pro¬ 
duction of energy. Fat has a caloric value 
of 9.45 kcal and a p hysiological fuel value 
o^9 kcaTper gramTBecause fat oxidation 
produces almosf _ 2 1 /4 times the energy 
yielded by the same weight of glycogen, fat 
is more suitable as stored food. Surplus of 
dietary carbohydrates are converted 
largely into fats for storage. It is com¬ 
monly known that lambs or pigs store 
large amounts of fat in their body when 
kept on starch-rich foods like gram, maize 
or cereals. 

Fatty acids obtained from food fats are 
also used in synthesising structural 
lipids. 

In man, 10-25 per cent of total calorie 
requirement should be supplied in the 
form of fats. But athletes, weight-lifters 
and manual labourers may take more than 
40 per cent of their food calories in the 
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form of fats, because that will not raise the 
bulk of food but still fulfil the high calorie 
need. The ratio of saturated and unsatur- 
ated fats should be low because an excess 
intake of saturated fats like butter, clari¬ 
fied butter (ghee) and hydrogenated vege¬ 
table fats enhances blood cholesterol 
level. 


Some polyunsaturated fatty acids 
(with more than one double bond) 
cannot be synthesised in the animal 
body and must be supplied with food 
to avoid their deficiency. They are 
called essential fatty acids. Lino- 
leic, linolenic and arachidonic acids 
are essential fatty acids for man. 
They are constituents of structural 
lipids including membrane lipids. 
Food fats should be so chosen that 
they supply sufficient amounts of 
essential fatty acids equivalent to 
3-6 per cent of total food calories. 
Essential fatty acids are present in 
many unsaturated vegetable oils 
such as groundnut oil, sunflower oil 
and safflower oil. 


High amounts of fats, particularly satu¬ 
rated fats and cholesterol should be 
avoided by sedentary, old or obese per¬ 
sons and patients of heart disorders and 
high blood pressure. 

Energy Requirement : Energy require¬ 
ment of an individual is expressed as total 
calories to be obtained from the food 
every day. It is supplied by carbohydrates, 
proteins and lipids of the food. Energy 
requirement includes the requirement for 
growth, maintenance, vital activities 
(heart beat, respiration, urine formation, 
etc.), temperature regulation, reproduc¬ 


tion and muscular activities. Total calorie 
requirement, therefore, depends on iHe 
age, sex and level of muscular work. It is 
higher per kg of body weight in a growing 
child and in an adult, lower in old people, 
higher in an adult man than in an adult 
woman and higher during pregnancy and 
lactation. Calorie requirement rises with 
the level of muscular work. 

Vitamins: These are organic substances 
of various types. They have relatively 
small molecules. Vitamins cannot be 
synthesised in sufficient amounts by an 
animal and have to be supplied in its diet. 
A deficiency in the food of any of these 
vitamins produces deficiency symptoms. 
Some of the vitamins such as vitamin C 
and the B vitamins thiamin, riboflavin, 
nicotinamide, pyridoxine, biotin, panto¬ 
thenic acid, folic acid and cobalamin are 
soluble in water and are called WATER- 
SOLUBLE VITAMINS. Other vitamins are 
not soluble in water, but dissolve in fats 
and fat-solvents like chloroform. These 
are called fat-soluble vitamins. Vita¬ 
mins A, D, E and K are such vitamins. 

Fat soluble Vitamins: vitamin A or RETI¬ 
NOL is present in cod liver oil, shark liver 
oil, milk, butter and clarified butter 
(ghee). It is also synthesised in the body 
from plant pigments, called carotenes. 
Carotenes occur in yellow vegetables and 
crops like maize, carrot and papaya, and 
in green leafy vegetables like spinach. 
Vitamin A forms the retinal pigments, 
such as rhodopsin of rod cells and iodop* 
sin of cone cells of the retina; these pig-) 
ments enable a person to see. Vitamin Av 
also maintains normal, living secretory, 
epithelia in mucous membranes an<| 
glands and pervents keratin deppsition. 




daily dietary requ 
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(keratinisation) in those epithelia. Its defi- yeast, cereal grains, pulses, nuts, liver and 
ciency produces xerophthalmia and meat. It forms one of the coenzymes for 
night-blindness. the aerobic metabolism of carbohydrates. 

VITAMIN D is synthesised in the skin The same coenzyme is also needed for 
from a cholesterol derivative by the ultra¬ 
violet rays of sunlight. It is also obtained 
from some foods such as cod liver oil, 
shark liver oil and eggs. It increases intes¬ 
tinal absorption of calcium and phos¬ 
phorus, their retention in the body and and green leafy vegetables. It maintain s 
their deposition in bones. Its deficiency normal healthy skin and oral mucos a. It 
produces rickets in children and osteoma- lori ns two derivatives, FM Nanri FAD, 
lacia in adults. which are coenzymes for some oxidising 

enzymes, called dehydrogenases (see Unit 


pentose synthesis and metabolism , Thia-_ 
min deficiency produces bepjgjaj’m 
tiiyfrF -——_ ' " ^. 

\V ITAMIN B^-Or RIBOFLAVIN occurs in 

yeastrttverTmilk, yoghurt (dahij) pulses 


vitamin e inhibits peroxide forma¬ 
tion and thereby prevents damage of 
membrane lipids. It thus maintain 
normal membrane structure. Its 
deficiency causes reproductive fail¬ 
ure and degeneration of muscles in 
many mammals, and increases fra¬ 
gility of erythrocytes in man. Vita¬ 
min E occurs in vegetable oils. 


Two). Deficiency of rihoflavin nroduces 


animation of the tongue, fissures in the 


ps an 


■ 






It forms two coenzymes 
NAE-tTand JiADPl. These are coen- 
zymes for a large number of dehydrogen- 
ases^jvlicotinamide deficiency produces 


pellagra. I 


vitamin K is obtained from green leafy 
vegetables like spinach, coriander leaves 
and radish tops. Vitamin K is also 
synthesised by bacteria in our colon and 
absorbed from there. This vitamin helps 
in the formation of prothrombin, an 
important factor for blood coagulation. 
Therefore, vitamin JC helps in blood coag¬ 
ulation. Its deficiency may cause profuse 
and prolonged bleeding. 

Water Soluble Vitamins: vitamin C or 
ascorbic acid, is obtained from sour 
fruits like lemon and orange. It helps in 
the formation and maintenance of colla¬ 
gen in the intercellular material of connec¬ 
tive tissues. Its deficiency produces scurvy 
in man. 

vitamin b, or thiamin is present in 


vitamin b 6 or PYRIDOXINE occurs in 
yeast, liver, cereals and eggs. Its defi¬ 
ciency produces convulsions and 
anaemia. Vitamin B 4 forms a coen¬ 
zyme for many enzymes which par¬ 
ticipate in amino-acid metabolism. 

BIOTIN is present in yeast, liver, 
eggs and pulses. It is the prosthetic v; 
group of some carboxylases, Avidin, t 
a protein of raw egg white, inhibits ^ 
intestinal absorption of biotin. Bid- * 
tin deficiency may produce skin dis- ; 
eases, growth failure and loss of mus-, 
cular control. ' 


folic acid is obtained from green leafy 

' •' 1 : 1 1 ?-/', . 1 '". 
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vegetables, liver and yeast. It forms a Both ECF and cells, however, contain all 
coenzyme which h elps in DNA synthe sis three minerals, Na + and K + help to retain 
and maturation of erythrocytes. Its defi- water in the ECF and the cell, respec- 
ciency^produces nggalaETastiii-aiiaemia- tively, and maintain the normal fluid bal- 
and gastrointestinal diseases. S ome folic ance between extracellular and intracellu- 
acid is synthesised by bacteria in c olon lar fluids. They increase excitability of 
and absorbe d-tom-th ere. _ , nerves and muscles. This helps in the con- 

t ^AMjN^^reoBALAMiN ij a sebalt^ duction of nerve i mpulses_ 

contamSgSaHHJLlt is present in animal / CALCIUM and PHOSPHORUS W depos- 
proteins «»h-aiineat, liver and fish. It ; is ited in bones^andJeeiKTb'^ve them 
also synthesi sed itrhirman ^cslop-apd in strength and rigidity. Ca 2+ is also essential 
the ru minant stonmdTo l^ttledjtestinal fof- ^oo<r~coagulation, ^neuromuscular 
absorption ot cobalarmn requires the function, cardiac function and actions of 
action of a gastQE_enzyme s CASHES many enzymes aFd''ho7i£5nes. Phos- 
intrins ic FACTOR . Failure of secretion of p h orus enters into many compounds such 

this enzyme produces vitaminJB^defi-_ a$ nucleic acids and phospholipids, many 

ciency, resuhm gjiLBm mus anaemia. coenzymes at id high energy compounds 
Cobalamin, promote s - DM JBBfltfmSr- like ATP. Phosphates help to maintain 
matuyon^erythro cy tes andmyehn„ nQr malbloodpH (b ufferaction).Calcium 
ormaiog*, is obtained from foods such as milk, green 


PANTOTHENIC ACID occurs in yeast, 
liver, eggs and pulses. It is also 
synthesised by bacteria in the colon. 
It forms coenzyme A which partici¬ 
pates in the transfer and metabolism 
of fatty acid groups including acetyl 
group. Pantothenate deficiency pro¬ 
duces gastrointestinal disorders, 
anaemia and reduced secretion of 
steroid hormones. 


Minerals : Of the minerals required in the 
animal body, sodium and chlorine are 
obtained in sufficient amounts from table 
salts, pickles, and butter and many other 
foods. Na + is the principal mineral cation 
in the extracellular fluid. CT is t he princi- 
pal mineral anion in the ECF. froTASSiUMf 
is obtained from many foods like molas^ 


leafy vegeta bles , carrot and small fishes. 
Phosphorus occurs in cereal grains, milk, 
eggs, Fish and meat. Their dietary defi¬ 
ci ency ma y produce rickets in children, 
[iron supplied by liver, jpulses, green 
leafy vegetables, n uts and m olass es. It is 
essentially required for hemoglobin syn¬ 
thesis. Cytochromes and many other 
oxidising enzymes contain iron in their 
molecules. Iron deficiency produces 
anaegjjy^ 

~ " j lODiNEj is used in the synthesis of thy¬ 
roid hormo nes. It occurs in onion and 
marine fishes. Dietary deficiency of 
iodine reduces secretion of thyroid hor¬ 
mones and causes enlargement of the thy¬ 
roid (iodine deficiency goitre). Iodised 
table salt is a good source of iodine for pre¬ 
venting such goitres. 


Nutritional Deficiencies and Imbalances 


ses, banana, date and potato. K + is the If a nutrient is not taken in adequate 
fr, -principal cation inside the cell, amounts for a long time, symptoms of 

>»;4 ( 
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Of the other minerals, Mg 2+ , 
Mn 2+ , Mo 6+ and selenium are 
required for the activities of differ¬ 
ent enzymes. Copp er helps in t he 
utilisation of i ron.. Therefore, copper 
deficiency may prod uce anaem ia 
becauseorfailureirTiron utili satio n. 
Zn J+ is a constituent of carbonic 
anhydrase and several other 
enzymes. Cobalt helps in 
er vthropoiesi s and in the activities 
of some enzymes. Fl uorine main¬ 
tains normal dent al enamel and pre¬ 
vents dental caries. * 


deficiency o r that nutrient appear in the 
organism. Such nutritional deficiencies 
affect the structure and function of those 
parts of the body which depend directly or 
indirectly on the nutrient. 

Overnutrition or taking in a large 
amount of a particular nutrient is also 
harmful for the body. Intake of abnor¬ 
mally high amounts of even some vita¬ 
mins such as vitamins D and A produces 
severe adverse symptoms. Some nutri¬ 
tional deficiencies and their symptoms 
are given in Table 33.2. 


BALANCED DIETS OF MODERATELY ACTIVE ADULT INDIANS 
(RECOMMENDED BY THE INDIAN COUNCIL OF MEDICAL RESEARCH) 


Food Recommended amounts (g per day) 



Adult man 

Adult woman 

Cereals (rice/wheat) 

520 

440 

Pulses 

50 

45 

Meal/Fish 

30 

30 

or 



Egg 

1 

1 

Milk 

200 

150 

Oil/fats 

45 

25 

Sugar/molasscs 

35 

20 

Roots and tubers 



(potato,etc.) 

60 

50 

Green leafy vegetables 



(spinach, etc.) 

40 

100 

Other vegetables 


, 

(cauliflower, etc.) 

70 

40 
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Table 33.2 

NUTRITIONAL DISORDERS DUE TO DEFICIENCY OF DIETARY COMPONENT 


Name of the Deficiency Deficient Nutrient Symptoms 


Anaemia (microcytic) 
Megaloblastic anaemia 
Pernicious anaemia 

Xerophthalmia 


Night-blindness 
Rickets (in children) 


Osteomalacia(adults) 

Beriberi 


Scurvy 


Bleeding disease 
Marasmus 



Fe 

Folic acid and Vit. 
< *-T- 

Vit. B p 

vu.a" 

Vit.A 

Vit.D 

Vit.D 

Vit.B (Thiamin) 


Vit.C 


Vit.K 
Protein and calones 


No. and size of RBC and 
hemoglobin content reduced 
Presence of large, immature, 
nuricaiedRBC%'Wood 
Large, immature, n ucleated 
RBC wit hout hemoglobin. 
"This may be fatar~unless 
trcatedWkYil .B,.. inject ions. , 
TSTclcened, kcratimsedr 
qpaoue and ul reprtfri-cornea 
Prime cause of blindness in 
India, especially among 
children 

Less rhodopsin in rod cells of 
retina. So, no vision in dim 
light 

Weak, soft, thin bones due to 
poor deposition of Ca and P. 
Bent long bones and painful 
swellings on wrist, elbow and 
knee joints 

Weak bones of vertebral col¬ 
umn. Pelvis gets bent and 
deformed by body weight 
Reduces aerobic carbohydrate 
metabolism. So, pe riphe ral 
nerves*1rtfla(jne, eabstiig pain, 
numbness: jitiB ""weaknes s- of 
limb musclesTparalysj^ 

" Fluid accuSiiilation'in tissues, 
oedema.-oMiands-Bfid legs. 
Cardiac oedema 
Fra gile bloodjv essnte-because 
oftfeleB tlve collagen fibre s in 
tHeirw3iir§iecdm&Sgums, 
faUingTirteeth, fragileUones. 
WoundTTeffing delated. VifcC 
is reco mmended in senons 
injuoul 

Delg. y$d blood clotting, so 
profuse-bleeding 
Growth and replacement of 
tissue proteins impaired; so, 
emaciated b.ody with thin 
limbs and prominent ribs. 
Dry, thin and wrinkled skm, 
diarrhoea 
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Name of the Deficiency 

Deficient Nutrient 

Symptoms 

Kwashiorkor 

Protein^, 

Wasting muscles, thin limbs. 
Retarded growth of body and 
brain. Oedema, Diarrhoea 

Pellagra 

Nicotinamide 

SwpllenJips,Jhick pigmented 

— 1 > 

r 

slda_Qf.. hands . and legs. 
Irritability 

NUTRITIONAL DISORDERS DUE TO OVERNUTRITION 

Name of disorder 

Excess Nutrient 

Symptoms 

Hypercholesterolemia 

Saturated fats like butter, 
ghee, vegetable oils. Red meat, 
eggs 

Abnormally high blood cho¬ 
lesterol which deposits on 
walls of blood vessels causing 
their stiffening, rise in BP. 
Cardiac disorder 

Obesity 

Excessive intake of food calo¬ 
ries, especially food with little 
water as sugar, honey, ghee 

Excessive accumulation offat 
in tissues. High BP, proneness 
to diabetes and cardiac disor¬ 
ders. Regular exercise and 
green vegetable intake 
recommended 


During the Second World War 
(1939-1945), many thousands of the 
prisoners df war (POW) w?™ \ 

blejUrJci Ued by beriberi in Ger man 
and Japane9e~FOW camps. 
Sfca-fa^g£ sfaermen som etimes eat 
raw fisjjufcom their^catchJIheyjnay 
sufferitQiSjparalysis due to vitamin 
B, deficiency 
clecontain s an enzvme _-whieh 
destro ^Thiamln , Cdliked fislfbaT 

that^S^raeTf 


All bleeding diseases are not due to 
the nutritional deficiency of vitamin 
K, For example, bleeding diseases, 
cal led hemophilias, are, c aused by ' 
the inherited incapacity ' to 
svntnesise so me coaaulatibn facto rs 
suclr''as^^i^^^^^^bi^ r *, 
Spoilt hay ofsweeTelOver contain! a 
substance called dicumarol. Died- , 

, marol prevents the actidn of vitamin:., $ 
K. So, cattle fed with spoilt sweety 
clover may suffer from vitamin. ^ 
deficiency and prolonged unconwl^S 
lable bleeding. , 










Before the role of vitamin C in preventing scurvy was discovered, 
scurvy was a frequent and dreaded malady for sailors. Fresh vegetables 
and sour fruits were rarely carried for consumption in the sailing ves¬ 
sels of those days. So, sailors wete often affected with severe scurvy on 
long cruises. Gums became swollen and bled profusely. Teeth got loose 
in their sockets and began falling out. Bones fractured spontaneously. 
Bleeding spots appeared beneath the skin. Fatigue was ovenvhelming. 
Old scars of remote past encounters and fights reopened and bled 
again. The superstitious sailors saw the disease as a punishment 
inflicted by the wrathful sea-god Neptune for violating his forbidden 
territory. More than half of the sailors accompanying Vasco da Gama 
in his maiden voyage to India died of scurvy before reaching India. 
After vitamin C was discovered, sour fruits were carried in sea-going 
vessels. Scurvy dramatically disappeared since then from among sea¬ 
going sailors. 

Scurvy is believed to have contributed to the tragic death of Captain 
Scott and his fellow expeditionists during their South Pole expedition. 
Sufficient amounts of sour fruits were not included in the provisions 
accompanying them. So, they suffered from scurvy. Intense symptoms 
of scurvy delayed their progress and ultimately prevented them from 
returning to safety before the winter. This led to their death i n the polar 
continent. 


PROTEIN-ENERGY MALNUTRITION 

Dietary deficiencies of proteins and total food calories are widespread 
in many underdeveloped countries of South and South-east Asia, 
South America, and West and Central Africa. Protein-energy malnutri¬ 
tion (PEM) may affect large sections of the population during drought, 
famine and political turmoil. This happened in Bangladesh during the 
liberation war and in Ethiopia during the recent severe drought. PEM 
affects infants and children to produce Marasmus and 
Kwashiorkor. 

marasmus is produced by a simultaneous deficiency of proteins 
and calories.'lt is found in infants less than a year in age, if mothers 
milk is replaced too early by other foods which are poor in both pro¬ 
teins and caloric value. This often happens if the mother has second 
pregnancy or childbirth when the older infant is still too young. 

In Marasmus, protein deficiency impairs growth and replacement 
of tissue proteins; stored fats and tissue proteins are catabolised also 
for energy production. So, extreme emaciation of the body and thin- 
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ning of limbs results. Ribs become very prominent. The layer of fat 
beneath the skin disappears; the skin becomes dry, thin and wrinkled. 
Growth rate and body weight decline considerably. Even growth and 
development of brain and mental faculties are impaired. Intestinal 
mucosa and digestive glands atrophy; digestion and absorption of food 
fail and diarrhoea results. But hands, feet and other body parts do not 
show any fluid accumulation (oedema) and swelling. 

kwashiorkor is produced by protein deficiency unaccompanied 
by calorie deficiency. It results from the replacement of mother’s milk 
by a high calorie-low protein diet in a child more than one year in age. 
Like marasmus, Kwashiorkor shows wasting of muscles, thinning of 
limbs, failure of growth and brain development, and diarrhoea. But 
unlike marasmus, some fat is still left under the skin; moreover, exten¬ 
sive oedema and swelling of body parts are seen. 


SUMMARY 


Animals thrive on heterotrophic nutrition which may be holozoic or saprozoic. Food 
is digested by enzymes, called hydrolases. Digestion may be extracellular or intracel¬ 
lular. Animals have evolved the alimentary canal with associated glands for extracell¬ 
ular digestion. 

The alimentary system of prawn consists of the alimentary canal and the 
hepatopancreas. The alimentary canal is divided into the foregut, the midgut and the 
hindgut. It communicates with the exterior at its two ends through the mouth and the 
anus. The hepatopancreas serves the roles of pancreas, intestinal glands and liver of 
higher animals. It secretes digestive enzymes and stores absorbed nutrients. 

The mammalian alimentary system starts from the mouth. The tongue helps in 
food ingestion and with the incisor, canine, premolar and molar teeth, helps also in 
chewing and mixing the food with saliva. Saliva, secreted by paired parotid, submax¬ 
illary and submandibular salivary glands, contains the starch-digesting enzyme, pty- 
alin. It also contains mucin for lubricating the food for swallowing. 

The mouth communicates through the pharynx with the oesophagus which pro¬ 
pels the swallowed food to the sac-like stomach by its muscle movements. The glands 
on the stomach wall secrete into the gastric lumen the gastric juice containing HC1 
and the protein-digesting enzymes, pepsin and rennin. The muscles on the stomach 
wall chum and propel the food to the small intestine. Ruminant animals, such as cat¬ 
tle, possess a four-chambered stomach. Microbial fermentation of cellulose is carried 
out in its first two chambers, rumen and reticulum, The third chamber, omasum, 
concentrates the food while the fourth chamber, abomasum, secretes HQ and 
pepsin. 

The stomach opens into the long, coiled, tube-like small intestine consisting of 
duodenum, jejunum and ileum. The common bile duct opens into the duodenum, 



586 


BIOLOGY" 


draining into it the juices of pancreas and liver. Intestinal glands on the intestinal 
wall secrete the intestinal juice into the small intestine. The pancreatic juice from the 
pancreas as also the intestinal juice contain many digestive enzymes. The liver 
secretes bile containing bile salts and bile pigments. Bile salts help in fat digestion 
and absorption. The gallbladder temporarily stores the bile secreted by the liver and 
ejects it into the small intestine. 

The small intestine opens into the large intestine consisting of caecum, colon and 
rectum. The large intestine temporarily stores the unabsorbed food remnants and 
voids them as faeces through the anus. But it secretes no enzyme. Microbial fermen¬ 
tation of cellulose lakes place in the spacious large intestine of herbivores. 

Digestion of carbohydrate starts in the mouth. Ptyalin of saliva hydrolyses starch 
into maltose, isomaltose and limit dextrins. Pancreatic amylase of pancreatic juice 
digests starch in the intestine to similar products. Isomaltase and maltase of intesti¬ 
nal juice hydrolyse those products into glucose. Sucrase of intestinal juice hydrolyses 
sucrose into glucose and fructose. Lactase of intestinal juice hydrolyses lactose into 
glucose and galactose. Cellulose is digested into short-chain fatty acids by microorga¬ 
nisms in the large intestine and in the ruminant stomach. 

Digestion of protein starts in the stomach. Pepsin and HC1 of the gastric juice 
digest proteins into peptones. Pepsin also coagulates milk by hydrolysing the milk 
protein casein into paracasein. Rennin of calf gastric juice similarly coagulates milk. 
Pepsin and rennin are activated by gastric HC1. Enteropeptidase of the intestinal 
juice activates trypsin of the pancreatic juice in the intestinal lumen. Trypsin then 
hydrolyses proteins into peptides and activates carboxypeptidases and chymotrypsin 
of the pancreatic juice. Chymotrypsin coagulates milk. Carboxypeptidases hydrolyse 
peptides into smaller peptides and free amino-acids. Aminopep tidases of the intesti¬ 
nal juice also hydrolyse peptides into smaller peptides and ariuno-acids. 

Lipases of the pancreatic and intestinal juices hydrolyse triglyceride fats into 
monoglycerides and fatty acids. The bile salts of the bile help in lipase activity by 
emulsifying large fat droplets into small ones. 

Absorption of the digested products takes place mainly from the small intestine. 

The absorptive capacity of the latter is enhanced by the presence of villi on its wall 
and of microvilli on its epithelium. Nutrients may he passively and slowly absorbed 
by diffusion so long as their concentrations are higher in the intestinal lumen than 
inside the intestinal cell. Water is passively absorbed by osmosis with the absorption 
of any solute. Cells may also actively absorb a nutrient by spending energy. This 
active absorption occurs more rapidly than diffusion and even when the concentra¬ 
tion of the nutrient is much lower in the intestinal lumen than in the blood. Na+, glu¬ 
cose, galactose and amino-acids are absorbed actively. Most of the end products of 
fat digestion are incorporated into water-soluble droplets, called micelles, with the 
help of bile salts in the intestinal lumen. They are then absorbed from these micelles 
into the intestinal cells. Absorbed fats are released in the lymph as chylomicron 
droplets. 

Carbohydrates are mainly used to produce energy. The caloric value and the phys¬ 
iological fuel value of carbohydrates amount to, respectively, 4,1 and 4 kcal per gram. 

For each litre of oxygen consumed, carbohydrates yield far more energy than pro¬ 
teins or fats. Carbohydrates are supplied to the tissues as the blood sugar which is glu¬ 
cose in many animals. Glycogen formed from glucose is stored as fuel in muscles 
which often have to work with a supply of oxygen far lower than their immediate „ 
' need- For humans, 55-75 per cent of total food calories, should come from carbphy- y 
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drates. Athletes, labourers doing heavy work, and mountaineers should live on high 

carbohydrate diets. 

Proteins serve mainly to build tissue structures and are essential for body growth. 
Some of the amino-acids cannot be synthesised in the animal body and must be sup¬ 
plied with food. These are called essential amino-adds. Many plant proteins are 
nutritionally inferior to animal proteins because of a deficiency of some essential 
amino-adds in them. Besides forming proteins, dietary amino-adds also form prod¬ 
ucts like heme, adrenaline, thyroxine, melanin, purines and pyrimidines, and carbo¬ 
hydrates. They may also be catabolised to give energy. The caloric value and the 
physiological fuel value of each gram of protein amount, respectively, to 5.65 and 4 
kcal. The dietary requirement of proteins rises during growth, development and tis¬ 
sue repair. 

Fats serve mainly as stored fuel for energy production. Fats have caloric and phys¬ 
iological Aid values, respectively, of 9.45 and 9 kcal per gram. Fatty adds of food fats 
are also utilised for synthesising structural lipids. 10-25 per cent of total calorie 
requirement may be supplied as fat in normal humans. The ratio of saturated to 
unsaturated fats should be low to avoid any rise in blood cholesterol. 

The total calorie requirement depends on the age, sex and levd of muscular work. 
It rises during pregnancy and lactation, and with the level of muscular work. 

Vitamin A is essential in diet because it forms retinal pigments like rhodopsin and 
maintains normal living secretory epithelia. Its defidency produces xerophthalmia 
and night-blindness in adults. Vitamin D is synthesised in the skin by the ultraviolet 
rays of sunlight. It increases intestinal absorption of caldum and phosphorus and 
their deposition in bones. Its deficiency produces rickets in children and osteomala¬ 
cia in adults. Vitamin K helps in blood coagulation by promoting prothrombin for¬ 
mation. Its deficiency produces prolonged bleedings. 

Vitamip G helps in the formation and maintenance of collagen in connective tis¬ 
sue. Its deficiency produces scurvy. Vitamin B, or thiamin forms a coenzyme for 
aerobic metabolism of carbohydrates. Its deficiency produces beriberi. Vitamin B, or 
riboflavin forms two coenzymes, FMN and FAD, which assist some oxidising 
enzymes. It also maintains normal healthy skin and oral mucosa. Nicotinamide 
forms two coenzymes, NAD+ and NADP+ which are needed by many oxidising 
enzymes. Its deficiency produces pellagra. Folic acid forms a coenzyme which helps 
in DNA synthesis and maturation of erythrocytes. Its deficiency produces 
megaloblastic anaemia. Vitamin B,, or cobalamin is absorbed from the intestine with 
the help of the gastric enzyme, Castle’s intrinsic factor. Failure of the secretion of 
intrinsic factor produces B„ deficiency, resulting in pernicious anaemia. Cobalamin 
promotes DNA synthesis, maturation of erythrocytes arid myelin formation. 

Na + and K + help to maintain the fluid balance and excitability of nerves and mus¬ 
cles. Calcium and phosphorus are deposited in bones and teeth. Phosphorus occurs 
in nucleic acids, phospholipids and ATP. Phosphates help to maintain the blood pH. 
Iron is essential for the synthesis of hemoglobin. Its deficiency produces anaemia. 
Iodine is essential for the synthesis of thyroid hormones; its deficiency produces 
goitre. 


Excessive intake of saturated fats may raise the blood cholesterol level, leading to 
cardiac disorders and rise of blood pressure. Excess intakp of food calories may pro¬ 
duce obesity. , 


4 

, 3;- 
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QUESTIONS 


1 . 


Write whether the following statements are true of false.^ -. i* \ cAsA 

(a) Pancreatic amylase digests proteins to amino-acids. « ** 1 ^ 

(b) Marasmus results from the dietary deficiency of proteins. *f 

(c) Na+ is absorbed in the intestine with the help of the sodium pump of the cell 
membrane. 

(d) Deficiency of folic acid produces scurvy. ^ ^ c <iu d\ 

(e) Castle’s intrinsic factor participates in blood coagulation. 

(f) Enteropeptidase activates pepsinogen to pepsin, <xd : vtn 


(g) Trypsin coagulates the milk protein casein, 

(h) Essential amino-acids cannot be synthesised in human body. CL 

Name the enzymes for protein-digestion in the gastric, pancreatic and intestinal 
juices, the substrates tfley digest, and the products of their action. 

Match the items in Column I with those in Column II 




Column I 

(a) Rennin 

(b) Enteropeptidase 

(c) Vitamin A 

(d) Goitre 

(e) Bile salts 

(f) Intestinal juice 

(g) Ptyalin , 

(h) Vitamin B l3 

(i) Cellulose 

( 1 ) H a. 


« Column II 
V (i) Lactase 
a (ii) Starch 
(iii) Pernicious anaemia 
r) (iv) Trypsin 
(? (v) Micelle 

(vi) Night-blindness 
<^(vii) Casein 
^(viii) Iodine 
(ix) Pepsin 
JL (x) Rumen 
(xi) Pellagra 


4. Mark the odd one in each series: 

(a) Pepsin; lipase; trypsin; rennin 

(b) Bile salts; bile pigments; gall bladder; gastric juice 

(c) MarSsmus; pellagra; scurvy; xerophthalmia 

(d) Malt ese; lactase; aminJipeptidase; sucrase 

(e) tbrRne; thiafnin; folic acid; riboflavin 

5. How are the following enzymes activated in the alimentary canal? 
(a) Pepsin (b) Caiboxiroentidase (c) Rennin (d) 

6. Namenhe enzjm^JfrTOe^WeaticJurfce, the 
products of their digestive action. 

7. Distinguish between: 

(a) Holozoic nutrition and saprozoic nutrition. 

(b) Caloric value and physiological fuel value, o- 

(c) Sucrase and maltase 

(d) Essential and non-essential amino-acids, v- 

(e) Diffusion and active absorption.^ 

(1) Lipases and peptidases. 

(g) Extracellular digestion and intracellular digestion. 

(h) Autotrophic nutrition and heterotrophic nutritions' 


psin (e) Chymo 
ley digi 


jsm, 
ft, 
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8. Name Jhe nutrients the deficiencies^ which produce the following diseases: 

(a) Kwaffifor, (b) Scurvy; (c) Osteomalacia; (d) Xerophfialmia; (e) Maras^^'W* 

Pemi r aM ™ a: {i] G $s (i) ® B1 ^\ 

9. Write about the importance and requirement of proteins in food. 

10. From Column B choose the factor involved in the physiological role of each item 
of Column A. 


Column A 

(a) Pepsin 

(b) Rhodopsin 

(c) Lipase 

(d) Cobalamin 

(e) Prothrombin 

(f) Collagen 


Column B 
C (i) Bile salts 
^ (ii) Vitamin K 
(iii) Vitamin C 
^(iv)HCl 
\) (v) Vitamin A 
(vi) Carboxypeptidase 
£ (vii) Intrinsic factor 


11. Mention the nutritional roles of the following in the human body. 

(a) Iron (b) Iodine; (c) Vitamin D; (d) Phosphorus; (e) Vitamin K; (f) Carbohy¬ 
drates (g) Thiamin; (h) Calcium; (i) Nicotinamide; (j) Vitamin A and (k) 
Proteins. 

12. Describe the following processes in the body: 

(a) Coagulation of milk in the alimentary canal,*'' 

(b) Digestion of fats in the intestine,^ 

(c) Digestion of starch in the alimentary canal, ^ 

(d) The role of bile salts in the digestion and absorption of fats. 

(e) Microbial digestion of cellulose in the herbivore alimentary canal. ^ 




■ CHAPTER 34 


RESPIRATORY GAS EXCHANGE 



Oxidation of nutrients releases their 
bond energy for utilisation in the body. 
Such oxidations take place in steps. The 
re leased energy is temporarily stored as 
ATP. the high energy bonds of ATP are^ 
subsequently broken to use the energy for 
various activities. 

In some lower organisms such as anaer¬ 
obic bacteria and yeasts, nutrients are 
oxidised without using molecular oxygen. 
Su ch a process is called anaerobic 
M ETABOLISM Of FERMENTATION . For 
example, yeast derives energy by the 
anaerobic fermentation of glucose to etha¬ 
nol; lactic acid bacteria ferment glucose 
and lactose to lactic acid. Anaerobic 
metabolism occurs even in some multi¬ 
cellular animals such as intestinal para¬ 
sites and liver flukes living in environ¬ 
ments with less oxygen. 

In most animals, however, tissue oxida¬ 
tions are carried out by AEROBIC RESPIRA¬ 
TION. Cells utilise molecular oxygen for 
oxidising nutrients aerobically; carbon 
dioxide is produced as a result of such oxi¬ 
dation. An exchange of oxygen and carbon 


dioxide occurs between the organism and 
the surrounding medium. But even in aer ¬ 
obically respiring animals, anaerobic 
metabolism takes place in certain tissues 


Tike skeletal muscles which do not uimj e- 
diately get as much oxygen as is necessary 
for their work ! This is wh y fast muscle^ 
p roduce lactic acid anaerobically from 
lurosedur ing vigorous movements. 
Terearealso some cells like mammalian 
erythrocytes which la ck mitochondria fo r 
~aeroDi cjespirati on: they can only carry 
( Mlfiaerbbic metabolism . The lactic arid 
produced anaerobically in some tissues is 
subsequently collected from blood and at 
least a part of it is oxidised aerobically by 
other tissues such as liver and cardiac 
muscle , 

" ' aerobic respiration is carried out in 
two phases. One is external respira *- ' 
TION. This consists of uptake of oxygen 
from the surrounding gaseous or liquid 
medium and elimination of carbon diox¬ 
ide into that surrounding medium. This 
takes place by diffusion across the body 
surface. The other phase is internal res - 
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PIRATION, This involves three activities: 
.^i^xygen uptake by tissue cells, ^Tissue 
oxidation by oxidising enzymes, and (iii)- 
carbon dioxide elimination from tissue 
cells. Thus, aerobic respiration involves 
the exchange of respiratory gases at two 
places in multicellular animals—one 
betw een the body s urface a nd surroundT 
ing medium, tEe other be tween thejndi- 
vTduaf cells - and" the e xtra cellular fluid 
around them'” - 

You may”7ecall a sharp contrast 
between photosynthesis and respiration. 
Photosynthesis is an anabolic proce ss—it 
synthesises organic molecules, trapping 
the solar energy in their chemical bonds. 
Respiration is, a catabolic process —it 
breaks organic molecules to release their 
bond energy. 

Organs for Respiratory Exchange in Vari¬ 
ous Animals 

Whether between cells and the extracellu¬ 
lar fluid or between the animal and the 
surrounding medium, gases are 
exchanged by the physical process of dif¬ 
fusion. A gas diffuses across a membrane 
from the side where its partial pressure is 
higher, to the side where its partial pres¬ 
sure is lower. But its diffu sion is indepen¬ 
dent of the partial pressunTST any othe r 
.feas m ixed with it. Partial pressure of oxy- 
gen~(Pd 2 j is nigher in the air-insidetRe 
lungs, than in the venous blood; so, oxy¬ 
gen diffuses trom the air to the venous 
blood in the lung. But simultaneously^ car¬ 
bon dioxide diffuses in the opposite direc¬ 
tion from the venous blood to the air in 
the lunas. bec ause the partial pressure of 
carbon dioxide (PcOj) is higher in the 
venous blood than in the air. The same 
principle applies also to gas exchanges 
between the blood of an aquatic animal 
and the surrounding water. 


For efficient gas exchange, the mem¬ 
brane separating the body fluid from the 
surrounding medium should be extensive 
thin, highly vascular and easily permeable 
to oxygen and carbon dioxide. To fulfil 
these requirements, complex respiratory 
systems have evolved in many multicellu¬ 
lar organisms. Indeed, a major evolution- 


In some marine annelids such as 
Nereis, respiratory gases are 
exchanged bet ween bl ood and sea¬ 
water mainly through the Integu¬ 
ment over appendages called 
parapodia (Fig. 34.1). These are hol- 
low and highly vascular appendages 
on lateral sides of. most body seg¬ 
ments. The integument over 
parapodia is particularly thin and 
permeable to gases. 
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ary change in vertebrates has been a pro¬ 
gressive increase in the surface area of the 
membrane through which respiratory 
exchanges take place. 

In unicellular organisms such as aero¬ 
bic bacteria and protistans (e.g. Amoeba ), 
respiratory gases diffuse between the sur- 
rounding medium and the cell across the 
plasma membrane. Even in some multi¬ 
cellular animals such as Hydra, gases are 
exchanged by diffusion between individ¬ 
ual cells and the surrounding water. 

Gas Exchanges through General Body 
Surface 

In earthworms and leeches, gaseous 
exchanges occurl hrouah the skin over the 
e ntire body surface ( cutaneous respira¬ 
tion). Their skin is thin, moist, easily per- 
meSEle to gases and highly vascular; thus, 
it is very suitable for respiratory 
exchanges. 

Even in toads and frogs, some cutane¬ 
ous respiration takes place across their 
moist and highly vascular skin, particu¬ 
larly during hibernation. However, they 
mainly respire through the lungs and the 
moist mucous membrane of the buccal 
cavity. 

Respiratory Organs of Animals 

Insects cannot carry out gas exchanges 
through their body surface, because their 
inte gument i s impermeable to minimis e 
t he loss of body water through it to the 
atmosphere. Instead, they have developed' 
a complex system of air tubes called tra ¬ 
cheae t o reach the air directly near the tis¬ 
sue cells (Fig. 34.2). Each trachea commu¬ 
nicates with the exterior through openings 
( spiracles ) in the body wall. Trach eae are 
swollen at places to form air sacs . Each 
trachea branches int o tracheole s. Each 
tracheole branches extensively in tile tis¬ 
sues and finally end in an opening 


immersed in the body fluid of the tissue. 
Relaxation of abdominal muscles jdray s 
m air through spiracles , tracheae and 
tracheoles. This air enters the body fluid 
through terminal openings of tracheoles. 
It then diffuses through the body fluid to 
reach the cells. Contraction of abdominal 
muscles drives air out from the tracheal 
system through spiracle s. This back-and- 
forth movement of air in the tracheal sys¬ 
tem renews the air for gaseous exchange 
with tissue cells. But the body fluid does 
not circulate to distribute the gasqs to 
~cells; it merely serves as a stationary 
-ifleaium t& r diffusio n. Thus in insects , the 
gasESus'" exchange* takes place directly 
between the outer atmosphere and tissues 
througi nKe tracheal syste m. 

'Aquatic animals like fishes, tadpoles, 
prawns respire in water. They utilise the 
oxygen dissolved in water and release car¬ 
bon dioxide back into water. Water con¬ 
tains far less dissolved oxygen content 
than that of atmospheric air. So, to get the 
required volume of oxygen by diffusion, a 
large volume of water has to be constantly 
moved over their respiratory surfaces and 
for this lot of energy has to be spent. In 
such animals, water is moved in a single 
direction over the respiratory surface. 
GILLS are ti&xespiratnry organs ofatHiatic 
animals(Fig, 34.3). Each gill bears rows of 
comb-like, soft, thin oill-filament s. 
Each gill-filament bears many flat, paral ¬ 
lel. membrane-like GILL-LAMELLA E. Each 
gill-lamella carries many blootf capillar¬ 
ies. Water, taken through the mouth, is 
made to flow from the pharynx in a single 
direction between the gill-lamellae . Blood 
flows in the capillaries of gill-lamellae in a 
direction oppositfe to ihe flow “of waf er 
"ovcrj neJamellar surfaces. This greatly 
helpsln the gaseous exchanges across the 
lamellar membrane between the capillary 
blood and the J 


J' , 
t-iT’WL 
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• Tracheae lo head 


^Segmental tracheae 

Ventral longitudinal 
trunk ' 


' Air sac 


Lateral longitudinal trunk 


Tracheoies 

Tissue cells 



Trachea 


Ventral view (One side; 


Fig. 34,2 Tracheal system of insect (Cockroach) 


Mammalian Respiratory System 

Whether aquatic or terrestrial, all mam¬ 
mals use atmospheric air for respiration. 
Mammalian skin is impermeable so that 
water loss through it is minimised. But 
mammals need far more oxygen to main- 
Hsiitain their high metabolic rates than lower 


animals; so, they need a more extensive 
respiratory surface. A complex respira¬ 
tory system has evolved in mammals to 
meet this need. 

T he mammalian respirat ory system . 
(FigT34.4) c onsists ot .the hasaTcavIty ^ 
nasopharynxT larynx, trachea, brpnc; 



Fig. 34.3 Gills of aquatic animals 

A. Prawn; B. Fish (diagrammatic) ' 

the nasopharynx which communicates, 
through a cartilaginous structure called 
larynx with a long, wide cartilaginous 
tube called trachea* The trachea juns t 

, ■ -• .a. 


bronchioles and lungs. It communicates 
with the exterior through the nasal open¬ 
ings. These lead to the nasal cavity, open¬ 
ing in the posterior part of pharynx called 




Fig, 34.4 Respiratory system of mammal (human) 


through the neck in front of the oesopha¬ 
gus, enters the thorax and divides into the 


right and left bronchi. These two tubes 
enter into two elastic and conical lungs' 


- 



Fig. 34.5 Small air passages and alveoli inside the 
lungs (diagrammatic) 

and divide repeatedly into small bronchi 
within the lungs. The lungs are enclosed in 
double-walled sacs c all ed PLEURA . The 
brohchi branch repeatedly into smaller 
tubes called bronchioles. The smalle st 
bronchioles open into many thin-walled 
s acs called ALVEQLi.~E achalveolus is lined 
by a thin, highly permeable membranous 
wall surrounded by many blood capillar¬ 
ies. The lumen of alveolus is filled with air 
breathed in through nostrils. Branches of 
pulmonary artery supply blood to alveolar 
capillaries. This blood is poor in oxygen 
but rich in carbon dioxide. Respiratory 
gases are exchanged between the blood 
and the alveolar air by diffusion through 
the alveolar wall. The oxygenated blood is 
then returned from alveolar capillaries to 
pulmonary veins. 

Alveoli are far more permeable and 


vascular than the skin. The total alveolar 
surface, available for gas exchanges, far 
exceeds the general body surface. In adult 
man, the surface area of skin is around 1.6 
m J only, but the total alveolar surface area 
is nearly 100m 2 . So, lungs replace the skin 
very effectively in mammals as respira¬ 
tory organs. Respiration by lungs is 
termed PULMONARY respiration. 


There are some folds of mucous 
membrane stretching across the 
lumen of larynx. They are called 
VOCAL CORDS. They vibrate when 
"air is blown through the larynx. This 
produces voice. 

Reptiles, birds and adult amphib¬ 
ians, even aquatic amphibians like 
salamander respire through lungs. 
But bird’s lungs are relatively non¬ 
elastic and are connected with elas¬ 
tic air SACS. Movements of air sacs 
help to direct air flow through lungs 
and enhance their ventilation with 
air. 


Mechanics of Pulmonary Respiration 

Respiration involves|5jetting in 0 2 from 
air into the lungs and CO, out of the lungs 
by means of breathi ng mo vements (venti¬ 
lation or breathing) } (iiyj 5x change of gases 
on the alveolar surface, an d>(iu)l transport 
and exchange of gases in the tissues. Lungs 
are located in the cavity of thorax. Lateral 
walls of thorax are mainly made of ribs 
and intercostal muscles attached to ribs. A 
muscular partition called the diaphragm 
separates the thoracic cavity from the 
abdominal cavity below. During inspira¬ 
tion (breathing in), the diaphragm and 
some intercostal muscles contract, due to 
which the diaphragm moves down* 





Fig. 34.6 Respiratory movements of thorax 

A. during inspiration and B. during 
expiration 

towards the abdomen while the intercos¬ 
tal muscles move the lateral thoracic walls 
outward and upward (Fig. 34.6), The vol¬ 
ume of thorax increases. Because the 
thoiax is a closed cavity, the pressure o f 
air in it falls with the rise in its volume. 
Lungs being situated in the thorax, the tail 
of pressure in the latter lowers the pres¬ 
sure inside lungs a few mm Hg below the 
atmospheric pressure. Air from outside 
rushes into the lungs through nostrils, tra¬ 
chea and bronchi. Inspiration is thus 
brought about by contractions of t he dia¬ 
phragm and some intercostal muscle;? '. 
these muscles are, therefore, called INSP1R- 
A3QRY MUSCLES. - But EXPIRATION 
(breathing out) is ordinarily carried out 
passively by relaxation of diaphragm and 
intercostal muscles, As they relax, the 


diaphragm moves up towards the thorax 
while intercostals move the lateral tho¬ 
racic walls inward and downward, The 
volume of thorax decreases and the pres¬ 
sure inside thorax and lungs is increased. 
This causes some air to be expelled from 
lungs to the atmosphere. This process of 
renewal of lung air bv such muscular 
movements is called the mechanics nf 
r espiration . 

Each respiration consists of one inspi¬ 
ration and one expiration alternating with 
each other. The rate of respiration aver¬ 
ages 12-14 per minute in a normal resting 
man. Alternate inspirations and exp ira. 
ti ons are due to the rhythmic arrival a nd 
in terruption of nerve impulses to inspir a- 
toryjnuscles. 

In FORCEFUL EXPIRATION requiring 
effort, a different group of intercostal 
muscles and some abdominal muscles 
contract to reduce the volume of thorax 
more than that in ordinary expiration. 
The consequent rise of pressure in the 
lungs exceeds that in ordinary expiration. 
S_q t a larger volume of air is brea thed out. 
Such muscles are called EXPIRATORY 


With effort, a person can inspire 2-3 
litres of air in excess of his tidal vol¬ 
ume. This additipnal volume of air 
that can be breathed with maximum, 
forceful inspiration, is called th e 
,, INSPIRATORY RESERVE VOLUM E 

(TRymmiiarly, after breathing out- 
mTtidal volume, he can expire m 
additional volume of about one litre 
of air by maximum effort. This addi ¬ 
tional, volume is called.Jt haJiXPJRr 
ATSfeVHESERVE VOLUME (ERV). 
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ARTIFICIAL RESPIRATION 
§ 

Breathing may stop as a result of drowning, electrocution or carborumonox- 
ide poisoning. Artificial respiration is then tried for ventilation of the lungs. 









In the mouth to mouth bR eathinC METHOD, the patient is made fo lie oh 
his bade. The operator lifts and extends the patient’s,neek by pimping'?[ Hand 
below it to open his airway. The operator then closes the patient’s nd$ps 
with fingers, applies his own mouth around the patient*s'motith-Sn,^t^ 
about 1 litre of air into it to inflate The pati ent’s, lungs. N 
patient’s mouth to allow expiration by the elastic- 
procedure is repeated , 10 - 15 ''times,per V *"*' 
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Pulmonary Air Volumes 
tidal volume (TV1 is the volume of air 
breathed in and out during effortless res ¬ 
piration. J t represents the volume of air 
renewed in the r espiratory system during 
each respiration . fTt is about 500 ml in an~ 
f adult persopr 7 

1 If a person first inspires with his utmost 

efToFTand then expires also with maxi¬ 
mum effort, the volume of air breathed 
$ pufiTca'lled thb'Vn'AL~CAPACifY ana it is 
aEout 3.^5 litres in a normal adult pe r- 
son. It represents the maximum capacity 
^ofthe individual to renew the air in his 
' respiratory system. The vital capacity is 
higher in athletes than in non-athletes, in 
mountain dwellers than in people living 
on plains, in men than in women, and in 
youth than in old age. The higher the vital 
capacity, the greater the capacity for 
enhancing the ventilation of lungs to 
increase respiratory gas exchanges. 
Cigarette-smoking considerably lowers 
the vital capacity and consequently 
reduces the capacity for strenuous exer¬ 
cise or work. / 

A person cannot expel all the air from 
his lungs even with maximum effort. Even 
after a maximum forceful expiration, 
about L5 litres of air are still left in the 
l ungs and other parts of the respirator y 
s ystem. This volume can never be driven 
s out by respiration and is called the resid- 
i'' 5 ual volume . Because the residual vol¬ 
ume is always present in the lungs, gas 
exchanges continue there even at the end 
of maximum expiration or on holding the 
breath. In other words, although inspira¬ 
tion alternates with expiration, gaseous 
^ Changes normally continue in lungs 
without interruption during both 
si. phases. , 



Pulmonary Exchange of Gases 

In mammals, external respiration takes 
places between the blood in alveolar capil¬ 
laries and the alveolar air drawn from the 
atmospheric air. The atmospheric air con¬ 
tains about 21 per cent oxygen, 0.4 per 
cent carbon dioxide, 78.6 per cent nitro¬ 
gen and small amounts of other gases and 
aqueous vapour. In the atmospheric air 
and consequently in the inspired air, par¬ 
tial pressures of oxygen (Po,) and of car¬ 
bon dioxide (Pco 3 ) are normally amount 
to 15 8 and 0.3 mm Hg, respectively, at the 
sea level. The lungs, into which the 
inspired air collects, contain some gases 
even at the end of expiration. But this air 
contains less oxygen and more carbon 
dioxide than the inspired air. Because the 
inspired air mixes with this air in alveoli 
the alveolar air comes to contain less oxy¬ 
gen and more carbon dioxide than the 
inspired air. When inspired air mixes with 
the already present alveolar air, the oxy¬ 
gen content and the Po 2 of the alveolar air 
increase to about 13.1 per cent and 100 
mm Hg, respectively, while the carbon 
dioxide content and the PcOj of the alveo¬ 
lar air are about 5.3 per cent and 40 mm 
Hg, respectively. 

The pulmonary artery contains venous 
(deoxygenated) blood which it brings to 
the alveolar capillaries supplying the alve¬ 
oli. This blood has a Po 2 which is much 
lower than the alveolar Po 2 . So, oxygen 
diffuses from the alveolar air to the capil¬ 
lary blood. This oxygenated blood is col¬ 
lected from alveoli of the lungs by pulmo¬ 
nary veins. It has a Po 2 of about 95 mm 
Hg. At this POj, arterial blood contains 
19.8 per cent oxygen. 
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PARTIAL PRESSURES (nun Hg) OF RESPIRATORY OASES 


Oat 

Inspired 

air 

Alveolar 

air 

Venous 

blood 

Arterial 

blood 

Expired 

<u> 

Oxygen 

iss 

100 

40 

95 

116 

Carbon dioxide 

0,3 

40 

46 

40 

32 

Nitrogen 

596 

573 

573 

573 

565 


The mixed venous blood, reaching the 
alveolar capillaries, has a Pco, of 46 mm 
Hg which is higher than the alveolar Pco 2 
of 40 mm Hg. So, carbon dioxide diffuses 
from the alveolar capillary blood to the 
alveolar air until the blood Pco 2 falls to 40 
mm Hg. This lowers the carbon dioxide 
content of the blood from 52.7 per cent in 
the mixed venous blood to 49 per cent in 
the arterial blood. Thus the alveolar air 
gives up the oxygen received from the 
inspired air to the blood in pulmonary 
vein and pick up C0 2 from the blood of 
pulmonary artery. 

Gas Transport in Blood 

Oxygen Transport: Very little of oxygen 
or carbon dioxide gets dissolved in 
the plasma to be carried in solution. Most 
of it is carried in chemical combinations 
in the erythrocytes (RBC) or in the 
plasma. 

Of about 4.6 ml of oxygen entering each 
decilitre of blood in the lungs, only 0.17 
ml remains in solution in the plasma. 
Oxygen diffuses into erythrocytes and 
combines loosely with the Fe I+ ions of 
hemoglobin to form oxyhemoglobin. 
Each of four Fe J + ions in the hemoglobin 
molecule can bind with one molecule of 


oxygen; so, oxyhemoglobin carries 1-4 
molecules of oxygen according to its 
degree of saturation with oxygen. In the 
arterial blood hemoglobin is normally 97 
per cent saturated with oxygen. The oxy¬ 
genation of hemoglobin in the lungs 
depends on the arterial Po 2 and so, on the 
alveolar Po,. Moreover, the oxygen- 
affinity of hemoglobin is enhanced with 
the fall in the blood Pco 2 resulting from 
the elimination of carbon dioxide from 
the blood in the lungs. In the pulmonary 
alveoli, hemoglobin is exposed to high Po 2 
and a low Pco 2 . The combined effects of 
these two factors enable hemoglobin to 
take up large volumes of oxygen in the t 
lungs. 

Oxyhemoglobin does not dissociate 
before blood reaches tissue capillaries. So 
blood carries its full load of oxygen until it 
enters the capillaries in the tissue. The 
more active the tissue, the lower is its Po 2 
and the higher its Pco 2 . Both these factors 
combine to effect a dissociation of oxyhe¬ 
moglobin to deoxyhemoglobin (reduced 
hemoglobin) and molecular oxygen. The, 
Po 2 is much lower and the Pco 2 is much 
higher in an active tissue than in a less 
active one. So, far more oxygen is released 
from oxyhemoglobin in a more active tis- 
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sue than in a less active one. Each decilitre 
of blood releases up to 4.6 ml. of oxygen in 
the tissues, 4.4 ml from oxyhemoglobin 
and 0.17 ml from the dissolved oxygen in 
the plasma. 

Carbon Dioxide Transport, /Most of 
the carbon dioxide produced m a tissue 
enters the red blood cells by diffusion. 
More carbon dioxide enters the blood 
from a more active tissue than from a less 
active one. Each decilitre (100 ml) of 
blood receives an average 3.7 ml of carbon 
dioxide from tissues. Some carbon diox¬ 
ide gets dissolved in the plasma and is car¬ 
ried in solution and the rest enters the 
erythrocytes by diffusion. About 70 per 
c ent of the carbon dioxide, entering int o 
the erythrocytes, reacts with water to fr om 
' CARBONIC ACID: * ~~ 

CO, + H,0 H,C0 3 

This reaction is catalysed by a zi nc- 
e nzvme. called carbonic anhydras e. In 
erythrocytes, carbonic acid forms 
bicarbonate: 

i 

H,C0 3 H + + HCOj 

Some of the bicarbonate (HCO;) is car¬ 
ried in erythrocytes while most of it comes 
out in the plasma to be carried by it. 
About 30 per cent of carbon dioxide, 
entering the erythrocytes, combines with 
the globin part of deoxyhemoglobin 
(reduced hemoglobin) to form 
, CARBAMINOHEMOGLOBIN, Carbon diox- 
,, ide is thus carried in the blood in three 
major forms: bicarbo n ates in plasma and 
erythrocyte s, carbaminohemoglobin in 
I . ^ ervthrocvt es. a rid small amounts of dis- 
a SQlved carbo n “ dioxide in plasmaj ) The 

Reentry of carbon dioxide into the^blood 

iPk 


from tissues increases the Pco, of the 
blood. Compared to the arterial Pco,of 40 
mm Hg, the mixed venous blood has a 
Pco, of 46 mm Hg. 

On reaching the lungs, blood is oxyge- 
nated. Oxyhemoglobin is a stronger acid 
than deoxyhemoglobin. So it donates H + 
which joins bicarbonate (HCO, - ) to form 
carbonic acid. The latter is cleaved into 
water and carbon dioxide by carbonic 
anhydrase. Thus, carbon dioxide is 
released from bicarbonate. Oxygenation 
of hemoglobin simultaneously releases 
carbon dioxide from carbamino¬ 
hemoglobin also, because oxyhemoglobin 
cannot hold as much carbon dioxide as 
deoxyhemoglobin. In this way, every deci¬ 
litre of blood releases in the lungs about 
3.7 ml of carbon dioxide. This CO, is 
removed from the lungs during 
expiration. 

Gas Exchange in Tissues 

As in the lungs so also in the tissues, gases 
are exchanged by diffusion. Tissue cells 
use up oxygen during their activities. So, 
in the tissue fluid around the cells, Po, 
falls below the arterial Po,. Consequently, 
oxygen is released from oxyhemoglobin 
and diffuses from the capillary blood to 
the tissue fluid and thence, to the cells of 
the tissue. Carbon dioxide diffuses from 
the cells to the tissue fluid to raise its Pco, 
above the arterial Pco,. This enables car¬ 
bon dioxide to diffuse from the tissue 
fluid to the capillary blood. Unlike the 
blood, tissue fluids do not carry these 
gases in chemical combinations such as 
oxyhemoglobin, carbaminohemoglobin 
or bicarbonate. Only small amounts of the 
gases are held in solution in the tissue 
fluid while most of them diffuse as such 
through it. 



MOUNTAIN SICKNESS 

When a person living on plains ascends and stays on a mountain above 
8000 ft from sea level, he develops certain symptoms in 8*24 hours. 
These symptoms include breathlessness, headache, dizziness, irritabil¬ 
ity, ~&gp sea; '- vonri t i ng;- nieutal fa ti gue and a bluish nngeon the skin, 
nails and lips. This is known as mountain sickness. 

“"You know that the barometric pressure fails progressively with the 
rise in altitude. Simultaneously, Po, falls proportionately in the atmo¬ 
spheric air. This lowers the alveolar Poj and consequently reduces the 
diffusion of oxygen from the alveolar air to the blood. So, oxygenation 
of blood is decreased progressively with the rise in altitude. The fall in 
oxygenation of blood produces the symptoms of mountain sickness. 


All tissues are not equally affected by 
the shortage of oxygen. The more 
active a tissue, the more it is 
affected. So, skeletal muscles, heart 
and brain are much more affected 
than skin, intestine and bones. 


CARBON MONOXIDE POISONINQ 
If a person sleeps in a dosed room 


sufficient amount of oxygen causes 
an incomplete combustion of carbon' 
and produces carbon, monoxide in.: 
the room. As the pesrspn,:ihha)es caf*.. 
bon monoxides, it di$^fpo$ 
alveolar air to thnWo#|nd 
.hemoglobin forming 
/globim Thel^tteris^ re1^'|y:sts^^,; 


bin available for oxygen transport is 
reduced. The resulting deficiency of 
oxygen causes headache, dizziness, 
nausea and even death. 



dis^J 


jgrminal bronchioles yet obstruct ed^; ; 
Tjiis reduces the ventilation of alve^ 
oh connected to them. M any ajvedrj 
coalesce together to form larg&V 
chambers due to destruction qftheir 1 ^ 
. walls. This change of smallet alveolrl . 
■ to large chambers reduces thetgtes^® 
dv^olar surfape aerosswhidi-^s^p 
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The pressure of water rises progressively with the depth in the sea. 
When a diver descends to great depths, his body is subjected to high 
pressure by the surrounding sea water. This tends to collapse his lungs 
unless he breathes compressed air under high pressure. But breathing 
of air at high pressure increases the partial pressures of gases in alveoli. 
As nitrogen forms about 79 per cent of the air, the rise in alveolar nitro¬ 
gen tension affects the body most. While at the depth, much nitrogen 
diffuses and dissolves in the blood and body fats. This makes the diver 
lose his strength and work capacity, and feel drowsy. But more severe 
symptoms develop if he is lifted rapidly to sea surface (decompres¬ 
sion SICKNESS). With the rapid fall in pressure, nitrogen is evolved 
from his body fluids and forms gas bubbles in the blood and tissues. 
Nitrogen bubbles may block pulmonary vessels producing serious 
shortness of breath. Itchings and local pain result from bubbles in 
peripheral nerves. Dizziness, paralysis and mental derangement may 
be caused by bubbles in the vessels of brain and spinal cord. To avoid 
decompression sickness, the diver should be lifted very slowly to the 
sea surface, nitrogen will then be evolved very slowly and will be effec¬ 
tively removed without forming bubbles. 


SUMMARY 


Anaerobic bacteria and yeasts carry out anaerobic metabolism without using molec¬ 
ular oxygen. Most animals respire aerobically utilising molecular oxygen for oxida¬ 
tions of nutrients and produce carbon dioxide as a result. In aerobic respiration, 
external respiration consists of an exchange of oxygen and carbon dioxide between 
the surrounding medium and the organism across its body surface while internal res¬ 
piration comprises the utilisation of oxygen, the carrying out of oxidations and the 
elimination of carbon dioxide by the cells of the organism. 

In Hydra, respiratory gases are exchanged directly between the individual cells 
of the body and the surrounding aqueous medium. In earthworms and leeches and to 
some extent, in toads and frogs, gaseous exchange take place through the skin over 
the entire body surface (cutaneous respiration). In insects, air flows from the atmo¬ 
sphere to the tissues through air tubes called tracheae and diffuses from the open 
ends of tracheae to the cells. 

Animals such as fishes and prawns possess gills as respiratory organs; gases are 
exchanged between the surrounding aqueous medium and the blood in gill capillar¬ 
ies. In mammals, lungs are the respiratory organs (pulmonary respiration). Lungs 
communicate with the atmospheric air through nostrils, pharynx, larynx, trachea, 
bronchi and bronchioles. Air is breathed into thin-walled sacs or alveoli of lungs. 
Respiratory gases are exchanged between the alveolar air and the blood in alveolar 



capillaries. Alveoli have a far larger surface area than the total skin surface and conse¬ 
quently provide far greater respiratory exchanges. 

Lungs are located in the closed cavity of thorax. Contractions of the di aphrag m 
and some of the intercostal muscles increase the volume of thorax and consequently 
lower the pressure in the thorax as well as the lungs. This causes air to enter the lungs 
from the atmosphere producing inspiration. Relaxation of these muscles reduces the 
volume of thorax and consequently increases the pressure in the thorax as well as in 
the lungs. So, some air is expelled from the lungs to the atmosphere, causing expira¬ 
tion. During forceful expiration, some abdominal muscles and a different group of 
intercostal muscles contract to reduce the volume of thorax further; this raises the 
pressure in the lungs to expel more air from it than in effortless breathing. 

Tidal volume is the volume of air breathed in and out during an effortless respi¬ 
ration. Vital capacity is the volume of air breathed out by a maximum forceful expi¬ 
ration, following a maximum inspiration. It is higher in athletes than in non-athletes. 
Even after a maximum forceful expiration, some air remains in the lungs; its volume 
is called the residual volume. Because of the residual volume of air, gaseous 
exchanges continue in the lungs even after a forceful expiration. 

Oxygen diffuses from the alveolar air to the alveolar capillary blood as the alveo¬ 
lar POj is higher than the Po, of the venous blood. Carbon dioxide diffuses in the 
reverse direction because the venous Pco, exceeds the alveolar Pco,. 

Very little oxygen or carbon dioxide is carried in solution in the blood plasma. 
Most of the oxygen entering the blood combines loosely with hemoglobin to form 
oxyhemoglobin and is thus transported in erythrocytes. The high Po, and the low 
Pco, in alveoli enable hemoglobin to take up large volumes of oxygen in the lungs. On 
reaching the tissue capillaries, oxyhemoglobin dissociates to release oxygen; the low 
Po, and the high Pco, in tissues enhance this release of oxygen. 

Carbon dioxide enters the blood from the tissues. It is carried mainly as bicar¬ 
bonates in plasma and erythrocytes, and partly as carbaminohemoglobm in erythro¬ 
cytes. Carbon dioxide reacts with water to form carbonic acid with the help of car¬ 
bonic anhydrase in erythrocytes; carbonic acid gives rise to bicarbonate, some of 
which comes out in the plasma. Carbaminohemoglobin is formed by the combina¬ 
tion of carbon dioxide with deoxyhemoglobin. On reaching the lungs, oxygenation of 
blood causes release of carbon dioxide from both bicarbonate and 
carbaminohemoglobin. Carbon dioxide is released from the lungs into the atmo¬ 
sphere during expiration. 

Oxygen diffuses out from the blood to the tissues because the tissue Po, is lower 
than the arterial Po,. Carbon dioxide diffuses into the blood from the tissues as the 
tissue Pco, is higher than the arterial Pco,. 


QUESTIONS 


1. Match terms in Column A with those in Column B: 

Column A Column B 

(a) Tracheoles (i) Yeast 



(b) Lactic acid 

(c) Carbonic anhydrase 

(d) Fermentation 

(e) Gill filaments 

(0 Cutaneous respiration 
(g) Diaphragm 


(it) Inspiration 

(iii) Fish 

(iv) Vital capacity 

(v) ' Fast muscle 

(vi) Insect 

(vii) Bicarbonate 
(viii) Earthworm 


2. Explain why the following things happen: 

(a) Far more oxygen is released from oxyhemoglobin in a more active tissue than 
in a less active one. 

(b) Oxygenation of blood promotes the release of carbon doxide from the blood 
in the lungs. 

(c) Oxygen leaves the blood from tissue capillaries, but carbon dioxide enters the 
blood in tissue capillaries. 

(d) Erythrocytes can carry out anaerobic metabolism only. 

(e) Gaseous exchanges continue in the lungs without interruption even during 
expiration. 

(f) Contraction of inspiratory muscles causes inspiration while their relaxation 
causes expiration. 

(g) Oxygen enters the blood from the alveolar air but carbon dioxide leaves the 
blood to enter the alveolar air. 

3. Distinguish between: 

(a) External respiration and internal respiration. 

(b) Inspiratory muscles and expiratory muscles. 

(c) Photosynthesis and respiration. 

(d) Anaerobic metabolism and aerobic respiration. 

(e) Tracheoles and bronchioles. 

(f) Carbaminohemoglobin and oxyhemoglobin. 

(g) Alveolar air and inspired air. 

4. Give the average values of the following in normal adult humans: 

(a) Residual volume, (b) Arterial Po,, (c) Tidal volume, (d) Alveolar Pco 2 . (e) 

Rate of resting respiration, (1) Arterial Pco 2 (g) Vital capacity, (h) Venous 

Po 2 . 

3. How is carbon dioxide taken up from tissues and transported to lungs? 

6. Fill in the blanks with correct words: 

(a) Diaphragm contracts to help in_while the contraction of 

, abdominal muscles help in_■ 

(b) Vital capacity of trained athletes is_than that of non¬ 
athletes while the Vital capacity of non-smokers is_than 

that of smokers. 

(c) Leeches respire through_while prawns respire through 


(d) Alveolar Po 2 is ___ j than the venous Po 2 while arterial Po 2 is 

,i '! _than the alveolar Po 2 , 

>te) The volume of air left in the lungs after a maximum expiration is called 

, __ while the volume of air breathed out during a normal 

restflil respiration is called___• 

7, Describe how the respiratory gases are exchanged between the blood and the 
alveolar air, 



respiratory gas exchange 


8. How is oxygen transported in the blood and released in the tissues? 

9. State whether the following statements arc true or false. 

(a) Fishes respire through their skin. 

(b) Aerobic respiration produces lactic acid at the end. 

(c) Gas exchanges continue uninterrupted in the lungs ity a forceful 
expiration. 

(d) A person can expel all the air from the lungs by a forceful expiration. 

(e) Expiration is normally brought about by the relaxation of inspiratory 
muscles. 

(f) Vital capacity represents the maximum capacity to ventilate the lungs. 

(g) A rise in Pco 2 increases the oxygen-affinity of hemoglobin. 

(h) Forceful expiration results from a forceful contraction of diaphragm. 

(i) Oxyhemoglobin can hold much less carbon dioxide in the form of 
carbaminohemoglobin than what deoxyhemoglobin can. 

10. Describe how the contraction and relaxation of some skeletal muscles produce 
respiratory movements. 




CHAPTER 35 


CIRCULATION OF BODY FLUIDS 



ALL parts of the body require nourish¬ 
ment and oxygen, and metabolic wastes 
need to be removed from the body. These 
and some other functions are carried out 
by an extracellular fluid which flows 
throughout the body. This flow is known 
as circulation and the organs concerned 
constitute the circulatory system. 

Functions of the Circulatory s’ item 

The circulatory system varies in different 
kinds of animals but its functions are the 
same. These functions are;(l) The circu¬ 
lating fluid transports nutrients from 
their sites of absorption to different tis¬ 
sues and organs for storage, oxidation or 
synthesis of tissue components. (2) It also 
carries waste products of metabolism 
from different tissues to the organs meant 
for their excretion from the body. (3) It 
transports respiratory gases 
between the respiratory organs and the tis¬ 
sues. Oxygen is thus carried from the res¬ 
piratory organs to the tissues while carbon 
dioxide is carried from the tissues to the 
respiratory organs for its removal from 


the body. (4) The circulating fluid CAR¬ 
RIES METABOLIC intermediates from 
one tissue to another for their further 
metabolism; for example, blood carries 
lactic acid from muscles to the liver for its 
oxidation. (5) It also transports 
INFORMATIONAL MOLECULES such as hor¬ 
mones, from their sites of origin to the tis¬ 
sues which they stimulate or inhibit. (6) 
Water, H + , chemical substances and heat, 
are uniformly distributed all over the 1 
body by the circulating fluid. 

Water Circulation System 
A body fluid circulates through a well 
developed circulatory system in the high? 
est advanced animals. But lower animals'- 
such as sponges and Hydra lack a defini-’ 
tive circulatory system and use water from 
the surrounding medium as the circula¬ 
tory fluid. 

Sponges possess an extensive CANAL; 
SYSTEM communicating with the exterior! 
through a large number of minute pores ig$ 
the body wall (Fig. 35.1). Water flows lptfl 
the canals from the surrounding 
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Osculum 

Ostia (pores) 
Body wall 

ial canals 



Central cavity (spongocoel) 


Fig, 35.1 Canal system in sponge (partially dis¬ 
sected to show inner organisation) 

and it carries food and oxygen to the cells, 
takes away waste products and carbon 
dioxide from them and, finally, passes out 
of the body. 

Hydra possesses a single, central, water-, 
■filled body cavity (coelenteron) which 
communicates with the surrounding 
aqueous medium through its mouth (Fig. 
,35.2). Water circulating in the coelenteron 
takes food and oxygen to the cells on the 
'body wall and carries away waste products 
$nd carbon dioxide from the cells. 

Vascular System 

advanced animals possess higher 



metabolic rates. So, they need a greater 
and speedier supply of nutrients and oxy¬ 
gen to their tissues as also a rapid disposal 
of waste products and carbon dioxide. 
They have blood as the specialised circu¬ 
latory fluid, and the circulatory system 
consists of the heart and the blood vessels 
for pumping and conducting blood to the 
tissues. In contrast to the water drawn 
from the surrounding aqueous medium, 
blood contains carrier molecules (e.g. 
hemoglobin and plasma proteins) for 
transporting much larger amounts of oxy¬ 
gen, carbon dioxide and nutrients. More¬ 
over, the use of blood instead of external 
water as the circulating fluid minimises 
the possibility of harm due to unfavoura¬ 
ble changes in the external medium. The 
organ-system comprising the heart and 
the blood vessels, constitutes the blood 
vascular system. The heart serves as an 
automatic pump driving blood regularly 
and rapidly into the vessels. The blood 
vessels include arteries and veins. ARTER¬ 
IES conduct the blood from the heart to 
1 otheflissue s: VE INS bring"blood .from 
other tissues to th g heart. H ieher inverte¬ 
brates and~ail vertebrates possess the 
blood vascular system. The blood vascu¬ 
lar system may be of two types, the open 
and the closed circulatory systems. 

Open Circulatory System 

In many advanced invertebrates such as 
prawns, insects and molluscs, t'he blood 
does not remain confined to blood vessels, 
but flows through open spaces and chan¬ 
nels called lacunae and sinuses in the tis¬ 
sues. The tissues are thus in direct contact 
with blood. A sufficiently high blood pres¬ 
sure, however, cannot be maintained in 
the open lacunae and sinuses in spite of 
the pumping action of the heart. So, blood 
flows at a very slow velocity in the lacunae 
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Fig.35.2 A. Longitudinal section of Hydra (diagrammatic); B. A portion of body wall (enlarged) 


and sinuses. The oxygen-carrying pig¬ 
ments are usually dissolved in the plasma 
of the blood. For example, the heart of 
prawn pumps oxygenated ~blood into. 
s ome arteries. These arteries directly open 
into lacunae and sinuses. Such spaces ca r¬ 
rying blood are called haemocoel . 
Exchanges of respiratory gases, nutrients 
and waste products take place directly 
between the blood in those lacunae and 
sinuses and the surrounding tissues. The 
deoxygenated blood then passes through 
the gills of the animal for oxygenation. 
The oxygenated blood returns from the 
gill to a sinus surrounding the heart. From 
there, the blood enters the heart through 
slit-like openings in the cardiac wall. The 
prawn heart always contains oxygena ted 
bjoodogly. 


Cfosed Circulatory System, 

The circulation of blood in the closed cir-,, 
culatory system was discovered and dem- ) 
onstrated for the first time by William , 
Harvey (1578-1657). In vertebrates, the , 
heart and the blood vessels form a closed „ 
system of chambers and tubes, having no £ 
direct communication with any open ,' 
body cavity or space. The\}ieart pumps the -> 
blood into arteries. Arteries possess thick]j 
walls with plenty of smooth muscles (Fig:;| 
35.3). Larger arteries branch repeatedly;! 
into smaller arteries; these branch ul&i 
mately into small vessels called ARTEMI 
OLES. Arterioles also have smooth muscles 
on their walls. Contraction and rfclaxatibM 
of these muscles alter the diameters qp 
arterioles and thereby respectively reducf| 
and increase the blood flow through them!" 
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Fig, 35.3 Transverse section of an artery (A) and a vein (B). Note the thick wall of artery in comparison to 
that of the vein. 


This, in turn, regulates the volume of 
blood flowing through a tissue or organ 
according to its need. Arterioles divide in 
the tissues into many tiny, thin-walled 
vessels called capillaries. Their wall is 
made of a single layer of flat endothelial 
cells and is consequently very permeable 
to water and small solutes, but not to pro¬ 
teins and other macromolecules. Nutri¬ 
ents, respiratory gases, metabolites and 
informational molecules are exchanged 
between the blood and the surrounding 
tissues across the capillary wall. Capillar¬ 
ies unite into small vessels called venules 
which join each other to form bigger ves¬ 
sels, called veins, Veins return the blood 
ultimately to the heart. In contrast to the 
arterioles and arteries, venules and veins 
possess thinner and less muscular walls 
(Fig. 35.3). valves are present in the heart 
chambers, at the openings of the heart into 
large arteries and in the veins. They are 
■ made of two or three cup-shaped flaps or 
» cusps attached to the vessel wall; they help 
“to maintain the blood flow in a single 
direction in the closed circulatory system, 
ese valves resemble swing doors in 


(A 


action—when pushed, by blood in the 
right direction, the flaps of the valve swing 
apart and allow the blood to flow through; 
but when pushed in the opposite direc¬ 
tion, the flaps close sharply to block the 
passage through the valve. 

The closed circulatory system consider¬ 
ably enhances the speed, precision and 
efficiency of circulation. Because the 
blood flows far more rapidly in closed 
blood vessels than in wide and open chan¬ 
nels and body cavities, it takes much 
shorter time to circulate through the 
closed system and return to the heart. This 
quickens the supply and removal of mate¬ 
rials to and from the tissues by the blood. 
You have learnt that in the closed system, 
the arteriolar diameter can be regulated to 
alter the blood flow, so, the volume of 
blood flowing through a tissue or organ 
may be regulated according to its needs by 
controlling the contractions and relaxa¬ 
tions of the smooth muscles on its arteri¬ 
oles. No such regulation is possible in the 
open system where the blood flows in 
open lacunae and sinuses. 
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THE HEART 

The heart is a pumping organ of the blood 
vascular system. It is a hollow muscular 
organ, made of cardiac muscle fibres. The 
heart beats spontaneously and rhythmi¬ 
cally throughout the life. It consists of 
chambers communicating with each 
other. The chamber which receives blood 
returned from other tissues is one or two 
auricles ( ATRIA ) and in some animals, a 
SINUS VENOSUS. The heart chambers 
pumping blood to different tissues consist 
of one or two VENTRICLES. The number of 
chambers varies in different animals 
because some chambers have been con¬ 


densed together while others have been 
partitioned into separate chambers at var¬ 
ious stages of evolution. Because the fish 
heart contains and pumps only deoxyge- 
ftated blood it has a sinus venosus, a single 
auricle and a single ventricle—neither of 
which need to be partitioned into halves 
for separating deoxygenated and oxyge¬ 
nated blood. Amphibian and reptilian 
hearts pump both deoxygenated and oxy¬ 
genated blood. So, the auricle is parti¬ 
tioned in them by a septum into a right 
auricle receiving only deoxygenated 
blood, and a left auricle receiving only 
oxygenated blood. But the ventricle is a 


Superior vena cava* 


fliflht auricle*. 
Coronary aneria 


Rl 'j|ht ventricle, 



Aorta 

.Left auricle 
Pulmonary artery 
oronary veins 


Left ventricle 


Fig. 35.4 External structure of the human heart - ^,,1 _ ^ 



614 


biology 


single unpartitioned chamber in amphibi¬ 
ans while in reptiles, it is incompletely 
partitioned into two; in both cases, there 
is some mixing of deoxygenated and oxy¬ 
genated blood in the ventricle. In mam¬ 
mals, the ventricle is completely parti¬ 
tioned into a right ventricle and left 
ventricle to prevent mixing of deoxyge¬ 
nated and oxygenated blood. Moreover, 
the sinus venosus, present, in fishes, 
amphibians and reptiles, has disappeared 
from the mammalian heart. 

Mammalian Heart 

In mammals and birds, the sinus venosus 
has totally fused with the right auricle and 
does not form a separate chamber. The 
right and left halves of the heart are also 
completely partitioned off. 

The human heart is situated in the 

r 


thorax between the lungs with its apq x 
resting on the diaphragm . It is a hollow 
conical organ with its narrow apex 
directed downwards and to the left (Fig. 
35.4). It measures about 12 cm in length 
and 9 cm in breadth and consists of four 
chambers, viz. two atria (auricles) and 

two VE NTRICLES. Thelarge veins which 
return blooBTrom most of the body tissues 
to the sinus venosus in lower vertebrates, 
open d irectl y into the right atrium in 
mammals. 

The great veins returning venous blood 
from upper and lower parts of the body 
and opening into the right atrium and are 
called superior and inferior VENAE Cavae. 
The right and left atria are totally sep a¬ 
rated from each other by the interatria l 
SEPTUM (Fig 35.5)! The left atri um 
receives oxygenated blo od returned from 


Right auricle 
Tricuspid valve-- 



Semilunar valves 

Left auricle 

Bicuspid valve 
Chordae tendinae 
Interventricular septum • 

Left ventricle 
Right ventricle 


Fig. 35.5 Internal structure of human heart 
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t h<» lunes by pulmonary vein s. The tw o 
atnaope 0 into the respective ventricles, c _ 

; fl Th mining being gFtuded by anTTOO- From Pody parts 
Vent ricular^VALVE o r AV VALVE. The I rtjl 

ngEFXVvalve is called the tricuspid fjyr' 
valve (made of three flap-like cusps ) I * L „r; 
g- the left AV valve is known as th e j ¥■$) 
bicuspid (ma de of two cusp s) or MITRAL £ 
valve. The AV valves allow blood to flo w' 
from the atria to the respective ventricles, .{-31 

but prevent blood" troih flowing in ‘tH e >7 ( 

reverse direction. ^ 

The VENTRICLES have far thicker mus- l 
cular walls than the atria. Therightventri- \ 

_clereceives deoxygenated bloodTrom the \ 

rigRt atrium. It has a wall thinner tha n 

that of the left ventricle which receives X 

oxygenated bloocT'ffoitrtlle left atrium. 

This is because the right ventricle needs t o 
pump deoxygenated blood to th e nearby 
Jungs only while the lett ventricle~is 
r equired to pump oxygenated blood all 
over the body. T h e two ventricles a re Fig. 35.6 Blow 
totally separated fro m parh r>tYu*r by a Arrov 

complete interventricular septum. drcuJ 

So, there is no mixing ot deoxygenated known as its S 
and oxygenated blood in the ventricle, movements o 
The right ventricle opens into the pulmo- repeated in a 
nary artery going to the lungs; the left ven- heart beat. Th 
tricle opens into the aorta supplying blood constitute a C 
to all other tissues and organs. SEMILUNA R cardiac cycle, 
VALVES RuardJ he-Q Denings of these great diac chamber 
arteries in the ventricle*; : e ach semilunar ' direction, 
valvels made up of three semilunar cusps 


and allows blood to enter the great artery ventricles are 


To body parts 


•To lungs 

From lungs 
• Left auricle 

<Right auricle 


-Left ventricle 
•Right ventricle 


Fig. 35.6 Blood circulation through the heart. 

Arrow heads indicate the course of 
circulation. 

known as its systole and diastole . The 
movements of the cardiac chambers are 
repeated in a cyclic manner during each 
heart beat. These events in each heartbeat 
constitute a CARDIAC CYCLE. During the 
cardiac cycle, blood flows through the car¬ 
diac chambers in a specific manner and 
direction. 

The phase during which both atria and 


ventricles are m diastole and are relaxed 


from the ventricle, but prevents blood simultaneous ly, i s called the JOINT dia s- 
flow in the reverse direction. tqle . During this phase, blood continue s 

to flow into the atria through the great 
veins ( superior and inferior venae cavae); 
nean blood also flows slowly from the atria to 

During each heart beat, the chambers of the respective ventricles through the open 


Course of Circulation through Mammalian 
Heart 


the heart contract and relax in a specific 
sequence. The contraction and the relaxa ¬ 
tion of a cardiac chamber are respectively 


AV valves (Fig. 35.6). But no blood flows 
from the ventricles to the great arteries’ 
and the semilunar valves remain closed. 
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At the end of this phase, the next heart 
beat starts with the contraction of atria 
(atrial systole). As the atrium con¬ 
tracts, it forces most of its blood to the 
ventricle which is still in diastole (ven¬ 
tricular diastole). The atrium acts as a 
pump to collect and force the venous 
blood to the ventricle. During atrial sys¬ 
tole, blood cannot pass back from the atria 
into the great veins, because the roots of 
the great veins are compressed by the 
atrial contraction to block their 
openings. 

At the end of the atrial systole, the 
atrium relapses into diastole (atrial 
diastole) and starts relaxing; during the 
atrial diastole venous blood again pass 
from the great veins to the atria to fill 
them up. Simultaneously with the onset of 
atrial diastole, the ventricles start con¬ 
tracting (ventricular systole). The 
pressure rises immediately in the ventricle 
to exceed that in the atrium and the AV 
valves are shut sharply to prevent 
back-flow of blood from the ventricles to 
the atria. This sharp closure of the AV 
valves at the beginning of the ventricular 
systole produces a sound ‘lubb* in the 
heart:-this is the FIRST HEART SOUND 
heard during a heart beat by placing a 
stethoscope on the chest wall above the 
heart. Because the ventricular pressure 
still continues to be lower than the pres- 
, sure in the great arteries and the semilunar 
valves consequently remain closed, the 
ventricles now contract as closed cham¬ 
bers. But as the ventricular systole pro¬ 
gresses, the pressure in them increases 
rapidly and soon exceeds the pressure in 
the great arteries; semilunar valves now 
open and blood begins to be ejected into 
the great arteries. Still blood cannot flow 
from the ventricles to the atria because the 
AV valves continue to remain closed all 


through the ventricular systole. 

At the end of the ventricular systole, 
the ventricles go into diastole and start 
relaxing (ventricular diastole)). As 
the atria are continuing their diastole, all 
the heart chambers are now in diastole; 
this is called the joint diastole. With the 
onset of ventricular diastole, the pressure 
falls in the ventricles below that in the 
great arteries. Immediately, the semilunar 
valves close sharply to prevent an y 
bacfcflow of blood from the great arteri es 
to the ventricles: the closure of the semilu ¬ 
nar valves at the Beginning of ventricula r 
d iastole produces a sou n d *dup* in th e 
heart—this is the SECOND HEART SOUND 
heard during a heart beat on placing a 
stethoscope on the chest wall. With the 
closure of the semilunar valves, the ventri¬ 
cles become closed chambers again, 
because the ventricular pressure is still 
higher than the atrial pressure and the AV 
valves consequently continue to remain 
closed. But as the ventricular diastole con¬ 
tinues, ventricular pressure declines 
sharply and soon falls below the atrial 


Inborn defects in the development 
of the heart or damaging effects of 
rheumatic fever frequently affects 
the cardiac valves. The affected 
valves may become leaky and fail to 
prevent back-flow of blood either 
from the ventricle to the atrium or 
from the aorta to the left ventricle. 
This may cause serious cardiac dis¬ 
orders, The defect is easily detected 
by changes in the nature of the heart 
sound (murmur) produced during 
the closure of the defective valves. 
These valves may be repaired or 
replaced surgically. , , 
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pressure. Then the AV valves open and 
blood starts flowing again from the relax¬ 
ing atria to the relaxing ventricles. 
Towards the end of the joint diastole, the 
atria start their systole again to force the 
collected blood into respective ventricles. 
With the atrial systole, a new cardiac cycle 
starts. 

Heart Rate and Puke 

The human heart beats at the rate of about 
70 per minute in the resting condition. 
Each time the heart beats, the ventricle 
pumps a volume of blood into,the arteries 
already containing some blood. This 
causes a wave of distention to pass along 
the arteries immediately following the 
ventricular systole. This wave may be felt 
to flow along the arteries by placing a fin¬ 
ger over an artery on the body surface. 
This wave of distention is called^ARTE; 
rial puls e. and is normally felt by palpat¬ 
ing radial artery near the wrist. As each 
heart beat sends one pulse along the arter¬ 
ies, normally the pulse rate per minute 
may be oounted to know the heart rate. 

The heart rate varies from species to 
species. Usually, the smaller the animal , 
the higher is its metabolic rate and cons e¬ 
quently the greater is the need for t he 
pumping action of the heart to supp ly 
nutrients and oxygen to the tissues. So, 
larger animals have lower heart rates than 
smaller ones. An elephan t has a normal 
heart rate of about 2 5 per minute whereas 
mouse has a normal heart rate of several 
hundreds per minutes. The heart rate 
i ncreases during exer cise, fever, and emo ¬ 
tionsli ke.a nger and fear. t 

Automatic Rhythmicity of the Heart 

The automatic rhythmicity of the heart is 
its ability to contract spontaneously and 
at a regular rate. The heart beat results 


f rom a wave of electrical notentia l. called 
the cardiac IMPULSE , spreading over die 
cardiac muscles of different heart cham¬ 
bers. Because the cardiac impulse origi¬ 
nates in cardiac muscle fibres and is no t 
brought to the heart by any nerve fibre , its 
origin is said to bepTYOGENic| (myo = 
muscl e, genic=originatinafrom V'Besides, 
the cardiac impulse is conducted along 
cardiac muscle fibres to reach the heart 
chambers. Although the cardiac impul se 
has a myogenic origin, th e rate of its f or¬ 
mation and conductioh by c ardiac musc le 
fibres may be changed by the actions of 
nerves. For example, the vagus reduces 
the rate of impulse formation from the SA 
node and its conduction along the con¬ 
ducting system of the heart; this slows the 
heart and may even stop it in diastole. The 
sympathetic nerve fibres increase the 
activity of the SA node to enhance the 
heart rate. 

In mammals, the sinus venosus has 
completely merged with the wall of the 
right atrium and its last remnant is repre¬ 
sented by a node of specialised cardiac 
muscle fibres on the right wall of the right 
atrium. This node is called sinoatrial 
NODE (SA node ). Its muscle fibres possess 
the highest rhythmicity among all cardiac 
muscle fibres and can initiate excitatory 
waves at the highest rate. So, the cardiac 
impulse normally originates from the SA 
node. By determining the rate of discharge 
of the cardiac impulse, t he SA node deter ¬ 
mines the rgte of heart he^t; so it is also 
called pacemaker of the hear t. The car¬ 
diac impulse - spreads directly from the-SA 
node over, the two a tria to bring abo ut 
their' svstole. It, however, cannot spread 
along the common cardiac muscle fibres 
from the atria to the ventricles, because in 
the mammalian heart, there is no continu¬ 
ity between the cardiac muscle fibres of 
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Sometimes, the SA node may 
become damaged or defective. It 
then fails to generate cardiac 
impulses at the normal rate. The 
heart beats become abnormally slow 
and irregular and ventricles fail to 
pump the required amount of blood. 
This can be remedied by the surgical 
grafting of an ARTIFICIAL PACE¬ 
MAKER instrument in the chest of the 
patient. The artificial pacemaker 
stimulates the heart electrically at 
regular intervals to maintain its 
beats. Thus, it replaces the SA node 
as the originator of the cardiac 
impulse. 

As the cardiac impulse spreads 
over the cardiac chambers and 
causes their contractions, electrical 
changes sweep over the cardiac 
chambers in a specific sequence. 
These chan pes-in—t he electrica l 
p otential over the heart can be 
recorded by fixing leads on the two 
arms, the left leg and the chest, and 
c onnecting them to an apparatus 
caUed ( electrocardiograplf ) The 
record ircaired ~ELECfROCARDIO- 
gram feCG) . Defects in cardiac" 
functions or structures are reflected 
in changes in the pattern of electrical 
potentials recorded in the ECG. The 
ECG is, therefore, of immense diag¬ 
nostic value in cardiac diseases. 


the atria and those of the ventricles 
although the fibres of each individual 
chamber exist in a functional syncytium. 
However, a . band of specialised cardiac 
muscle fibres exists on the interatrial sep¬ 
tum caUed the ATRIOVENTRICULAR BUN- 


DLE(AV bundle ), it forms the only muscu- 
lar continuity between atrial and ventricu¬ 
lar muscles. The AV bundle descends 
from the AV node along the interatrial 
and the interventricular septa to enter the 
ventricles. Entering the ventricle, the AV 
bundle divides into right and \ pft b itm 
DLE BRANCHES ; these descend along the 
two sides of the interventricular septum 
into the respective ventricles. From each 
bundle branch, specialised cardiac muscle 
fibers, called purkinje firrj-s. spread out 
and connect with common ventricular 
muscle fibfesT The AV nodeTTftrftV-bun- 
die, the bundle branches and the Purkinje 
fibres constitute the conducting system of 
the heart. When the cardiac impulse 
spreads over the atria to reach the AV 
node, it runs along the AV node, the AV 
bundle, its branches and the Purkinje 
fibres to reach the ventricular muscle 
fibres. This causes the ventricles to con¬ 
tract. But because the impulse passes rela¬ 
tively slowly across the AV node, theatvial 
systole is over before the ventricles 
receive the impulse to start their systole. 
This is why t he atrial systole n ormally pre¬ 
cedes the yentricularsystgleT' " 


Cardiac output is the volume of 
blood ejected by either ventricle into 
the arterial system. The cardiac out¬ 
put rises during exercise. In very 
severe exercise, it may rise to even 
20 litres per minute, about four to 
fivefold the normal resting value of 
about 5 litres per minutes. The rise 
in the cardiac output helps the body 
in exercise by enhancing manifold 
the supply of nutrients and oxygen to 
the contracting muscles. 
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Circulation 

The heart pumps blood into a closed cir¬ 
culatory system in vertebrates. The left 
ventricle ejects blood into the aorta, 
which gives off arteries to tissues and 
organs other than the lungs; blood is 
returned from these tissues and organs 
ultimately through two veins, superior 
and inferior vanae cavae to the right 
atrium. This is known as the SYSTEMIC 
CIRCULATION (Fig. 35.7). The right ven- 



Fig. 35.7 Systemic circulation 


tricle pumps blood into the pulmonary 
trunk which divides into pulmonary arter¬ 
ies going to the lungs; blood is returned to 
the lefcatri am from thelunes through' the 
pul monary veins. This is called th e pul¬ 
monary CIRCULATION (Fi g. 35.8). 

In some case^ a vein returning blood from 
3 system ofcaplll ari£s_d iyides aeain into a 
s econd capillary system in the tissu es 
before the blood can finally return t o the 
heart. Suchaveinis called ^^RTalvM) 
together with the capillary system to 
which it supplies blood, a portal vein con- 
stitutes a portal SYST EM. For examnle.a 
hepatic portal vein returns blood from the 
intestine and breaks into a portal system 
of capillaries in the liver; this enables the 
liver cells to take up from the portal blood 
the nutrients brought by it from the small 
intestine. Similarly, venous blood is col¬ 
lected from near the hypothalamus of the 
brain by a hypophysial portal vein which 
forms a portal capillary system in the 
anterior part of pituitary gland; this portal ' 
system enables the hormones of hypothal¬ 
amus to reach the anterior pituitary. 
Arterial Blood Pressur e: The pumping 
action of the heart maintains a pressure of 
blood in the arteries. This is called arte¬ 
rial blood pressure. It helps to propel 
blood at a high velocity along the arteries 
in the closed circulatory system. The 
blood pressure is far lower in the open cir¬ 
culatory system. 

Bfood Flow in Veins : Because the blood 
flows through narrow arterioles and capil¬ 
laries to enter wider veins, the blood pres¬ 
sure is low in veins. At many places in the 
body, particularly iu the inferior 
extremities, tills blood pressure is not suf¬ 
ficient to drive the blood through the 
veins back to the heart. Veins have thin¬ 
ner walls than arteries and are more easily 
compressed. There are also many valves 
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Fig. 35.8 Pulmonary circulation 


The arterial blood pressure is maintained by several factors. First is the pumping 
action of the heart. During each heart beat, the heart pumps a volume of blood 
into the arteries which already contain some volume of blood. The ejection of this 
additional volume of blood into the arterial system serves to raise the pressure of 
blood in the arteries during systole. This temporarily elevated pressure during the 
systole is called the systolic PRESSURE and n ormally averages abou t 120 mm He. 
During diastole, the distended arteries recoil due to their elasticity and press on 
the blood contained in them, This serves to maintain the arterial blood pressure 
during diastole although no blood is being pumped into the arteries by the heart in 
diastole. The diastolic pressure in a normal resting man averages about 80 mm 
Hg. So, during each heart beat, the arterial blood pressure rises to about 120 mm 
Hg in systole and falls again to about 80 mm Hg in diast ole. The difference 
between the systolic pressure and the diastolic pressure is called the pulse pr es¬ 
sure-. it averages about 40 mm Ha in a normal person . 


inside the veins. These valves permit the compresses the veins to move the blood 
flow of blood in the veins towards the inside them. A change of body posture 
heart and prevent blood flow in the may also move the blood inside veins. In 
reverse direction. Contraction of muscles both cases, blood moves towards the heart 
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An abnormal rise in the arterial blood pressure is called hypertension. You may 
recall from the chapter 3 3 that a rise in blood cholesterol may lead to a deposition 
of cholesterol on the walls of blood vessels. This causes the arteries to lose their 
elasticity and get stiffened. This is called ARTERIOSC LEROSI S or hardening of arter¬ 
ies. The elasticity o.CJiifijIlerial Jyall moderates and reduces the ri se in the .arterial 
blood pressure. The stiffened arterial wall fails to exert this moderating effect on 
bloodpressure. This results in hypertension in arteriosclerotic patients. A chronic 
vasoconstriction of arterioles may also cause hypertension, because the narrower 
the arterioles, the higher is the resistance against the blood flow in them and, con¬ 
sequently, the higher is the arterial blood pressure. 

hypotension is an a bnormally low arteria Ublood-prefisuta. It may result from a 
chronic vasodilatation of arterioles, anaemia, blood loss due to bleedings, or a 
failure of the pumping action of the heart. 


only, because the venous valves prevent 
the blood flow in the opposite direction. 
This is a major process for venous blood 
flow. If a person stands immobile for a 
long time, blood flow in the leg veins 
remain suspended. This may lead to an 
accumulation of fluid in his leg tissues and 
a consequent swelling of his feet. If he 
walks for some time, the swelling subsides 
as blood begins to circulate again in the 
veins. 

Lymph and Tissue Fluid 

In the spaces between the cells of a tissue, 
there occurs a fluid called the intersti¬ 
tial fluid or tissue fluid. The exchanges. 
of any solid, liquid and gas between blood 
and tissue cells always take place through 
this fluid. Under the pressure of blood in 
the capillaries some of the water and dis¬ 
solved solutes are filtered out from blood 
plasma into tissue spaces to form the tis¬ 
sue fluid. The composition of this tissue 
fluid is very similar to that of plasma 
efrcggrthat it has much less~protein . This 
is because the capillary wall is impermea¬ 
ble to plasma proteins. Some of the tissue 
fluid enters tinv channels callM’LYMKH 

-- , , ■ wrrvni mim - - . -- ' 


vessels and the fluid collec te d in them is 
galled LYMPH. These lymph vessels unite 
to form larger lymph vessels which ulti¬ 
mately drain into two large lymph vessels 
called thoracic duc t and right lymphatic 
duct (Fig. 35.9 ). These open into the veins 


Puffiness or oedema is caused by the 
increased capillary pressure, 
increased permeability of the capil¬ 
lary walls or decreased rate of return 
of lymph due to increased pressure 
in the veins. The permeability of the 
lymph capillaries is easily altered. 
For instance, in an infected wound, 
bacteria release chemicals which 
increase the permeability of the cap¬ 
illaries in that region, resulting in a 
local swelling. A swelling appears 
even in an uninfected injury because 
an injured tissue can somehow affect 
capillary permeability. The high per¬ 
meability makes the lymph capillar¬ 
ies most likely route for the spread of 
microorganisms and cancer cells in 
the body. 











biology 




CIRCULATION OF BODY FLUIDS 


623 


The circulation of blood in the closed circulatory system was discovered and dem¬ 
onstrated for the first time by William Harvey (1578-1657), an eminent English 
physiologist. Harvey dissected a living snake to expose its heart. He then blocked 
the circulation in the inferior vena cava, by pressing that vein with forceps. The 
vein became empty of blood in the stretch between the forceps and the heart, the 
heart shrunk in volume and the heart beats slowed considerably. On releasing the 
forceps, the empty stretch of the vein was again filled with blood and the volume 
of the heart and the rate of heart beats increased. When the circulation was 
blocked in the aorta by compressing it with forceps, the stretch of aorta between 
theheart and the forceps became swollen with blood. On releasing the forceps, the 
engorgement of the aorta subsided. These findings showed that the great veins 
returned the blood to the heart while the aorta carried away the blood pumped by 
the heart. 

Harvey obstructed the circulation in the arm veins of a man by fastening a tight 
bandage around his upper arm. This produced knots at the valves of the veins in 
the lower arm below the obstruction. He pressed the obstructed vein with a finger 
above one of the valves and ran the finger down the vein and away from the heart 
towards that valve. The swelling of the vein was found to increase at the valve, but 
not beyond it. When the obstructed vein was pressed below the valve with a finger 
and the finger was run upward towards the heart, the swelling at the valve sub¬ 
sided. These findings showed that the blood crosses the valves in veins always in a 
single direction so as to flow from the periphery to the heart, but cannot cross the 
vpnous valves in the opposite direction. 

• Harvey also showed that the heart contracts actively in the systole and ejects 
blood in jet into the arteries, the left ventricle pumping the blood into the aorta 
and the right one into the pulmonary trunk. He demonstrated that this ejection of 
blood into the arteries overfills them to make them swell and this swelling moves 
along the arteries in the form of a pulse. Thus, the arterial pulse coincides with the 
systole and not with the diastole. 

Harvey delivered his first course oflectures on circulation at the Royal College 
of Physicians, London, in 1616. Finally, in 1628, he published his discovery of cir¬ 
culation in a treatise entitled “Exercitation anatomica de motu cordis et sanguinis 
in animalisbus". 


returning the lymph finally into venous times, the formation., rate o f lvmnh 
blood and thus, to the general circulatory exceed s th e rate of its return to blood. The_ 
system. The movement of lymph is increased volume of fluid around the cells. 
mainly due to the squeezing action of the t hejuagates a swelli ng, called dropsy. Qf 
surrounding muscles. As a result the lym- (oedemj p 
phatic circulation is slow and uncertain. . 

Exercise increases it. Normally, the rate of F unctl0ns °f Lymp 

lymph formation is equal to the rate of its The lymph serves to return interstitial 

return to the blood stream. Rut snme - . fluid into blood. Moreover, plasma pro-^ 
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tein macromolecules, synthesised by the 
liver cells, cannot pass into the blood ves¬ 
sels, but can diffuse into the lymph vessels 
through their wall. So, they come to the 


blood through lymph. The lymph also c ar¬ 
ries absorbed fats and lipids from the 
small int £ atineJLo.the bloodrin the form of 
JKytomicron droplets?} ~ 


SUMMARY 


The circulatory system circulates some extracellular fluid to different areas of the 
body. The circulating fluid transports nutrients, waste products, respiratory gases, 
metabolic intermediates and informational molecules between different tissues and 
organs. It also distributes water, H *, chemicals and heat uniformly all over the body. 

Sponges possess extensive canal systems in the body. Water from the surrounding 
medium circulates through the canals, carrying food and oxygen to the cells and tak¬ 
ing away carbon dioxide and waste products from them. Hydra possesses a central 
water-filled body cavity or coelenteron, drawing water from the surrounding 
medium. Food, waste products and respiratory gases are exchanged between this 
water and the cells in the body wall. 

More advanced animals carry blood as the circulating fluid and a circulatory sys¬ 
tem with the heart and blood vessels to conduct the blood. In many invertebrates 
such as prawns and insects, the blood pumped by the heart comes out from blood ves¬ 
sels and flows through open spaces and channels in the tissues before returning to the 
heart. This is called the open circulatory system. Vertebrates possess a closed circula¬ 
tory system in which blood remains confined. Blood pumped by the heart passes 
through progressively smaller arteries to small arterioles and thence to capillaries; 
blood is returned from capillaries through venules and progressively larger veins to 
the heart. It never leaves the vessels normally. The valves located in the heart and 
blood vessels maintain theblood flow in a single direction in the circulatory system. 

The heart is the pumping organ of the blood vascular system. The mammalian 
heart consists of two atria (auricles) and two ventricles. The sinus venosus has been 
totally fused with the right atrium which directly receives deoxygenated blood from 
most of the body through the great veins. The left atrium receives oxygenated blood 
from the lungs. The two alna are completely separated from each other by the 
interatrial septum and open into the respective ventricles through openings guarded 
by the AV valves. The two ventricles are also totally separated from each other by the 
interventricular septum and there is no mixing of deoxygenated and oxygenated 
blood in the heart. The left and right ventricles pump blood respectively into the 
aorta and the pulmonary artery, both openings being guarded by semilunar valves to 
prevent back-flow of blood from the arteries to the ventricles. 

Cardiac cycle consists of events in the heart repeated cyclically during each heart 
beat. Contraction and relaxation of cardiac chambers (auricles or ventricles) are 
respectively called systole and diastole. When the atrium contracts, the ventricle is 
still in diastole and the blood collected in the atrium is pumped into the relaxing ven¬ 
tricle. Then the atrium starts relaxing and the ventricle starts its systole. The AV 
valve immediately closes producing the first heart sound, and prevents the back-flow 
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of blood from the contracting ventricle to the relaxing atrium. The rise of pressure in 
the contracting ventricle pushes the semilunar valves to open and blood is ejected 
from the ventricle to the great artery. Simultaneously, the atrium is in diastole and 
blood continues flowing into it from the great veins. When the ventricle ends its sys¬ 
tole and starts relaxing, the semilunar valve closes sharply to prevent back-flow of 
blood from the great artery into the ventricle. This produces the second heart sound. 
With the ventricle m diastole, the AV valve opens again and blood again starts flow¬ 
ing from the atrium to the ventricle. 

Heart beat results from a wave of electrical potential, called cardiac impulse, 
spreading over the cardiac chambers. The cardiac impulse is myogenic in origin; it 
originates from the cardiac muscle tissue itself, viz. from the sinoatrial node (SA 
node) in mammals. The impulse spreads from there over the atria causing their con¬ 
traction. In the mammalian heart, the cardiac impulse first reaches the atrioventricu¬ 
lar or AV node on the interatrial septum and then passes along the AV bundle and its 
branches to reach the Purkinje fibres in the ventricles. The Purkinje fibres conduct 
the impulse to the ventricular muscle fibres to cause their contraction. The nodes, the 
bundle, the bundle branches and the Purkinje fibres are made of specialised cardiac 
muscle fibres. The SA node is called the pacemaker of the heart because it originates 
the cardiac impulse and, consequently, determines the rate of heart beats. 

Circulation of blood from the left ventricle to the tissues and back to the right 
atrium is called the systemic circulation; that from the right ventricle to the lungs and 
back to the left atrium is called the pulmonary circulation. Sometimes a vein, return¬ 
ing blood from capillaries, breaks again into a second set of capillaries in a tissue to 
form a portal system. 

The pumping action of the heart maintains a pressure of blood in the arteries. This 
is called arterial blood pressure. It helps to propel blood at a high velocity along the 
arteries. 

Blood flow is maintained in the veins largely by the compression of veins by con¬ 
tracting muscles, or by changes in posture. The valves located in veins allow blood to 
flow in a single direction to the heart and block any reverse flow. 

The fluid in the spaces between tissue cells is called the interstitial fluid. It is 
formed by filtration of protein-free fluid from the blood. Exchanges of materials 
between blood and. tissue cells involve the diffusion of these materials through the 
interstitial fluid. The interstitial fluid ultimately passes into lymph vessels to form a 
fluid called lymph. Lymph finally passes from the lymph v essels to the venou s 
blood. — --—..~""" 


QUESTIONS 


1. Explain the following: 

(a) Why does the atrial systole normally precede the ventricular systole? 

(b) Why is the SA node called the pacemaker of the heart? 

(c) Why does the ventricle relax as a closed chamber in the early phase of its 
diastole? 
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(d) Why is there no mxing of deoxygenated and oxygenated blood in the human 
heart normally? 

(e) Why can you palpate the pulse on an artery in each heart beat? 

t > * (1) Why does the lymph contain much less proteins than the plasma? 

, (g) Why is the AV bundle essential for the conduction of cardiac impulse? 

(h) Why does the ventricle contract as a closed chamber in the early phase of 
* , ( , its systole? 

■' (i) Why is ihe closed circulatory system more efficient than the open system? 
(j) Why does the left ventricle possess a thicker wall than the right ventricle? 

2. Indicate whether following statements are true or false. 

(a) Both the auricles of the amphibian heart open into the same ventricle. 

/" (b) Prawn heart carries only oxygenated blood. 

, (c) Purkinje fibres are nerve fibres supplying the ventricular muscle. 

(d) The first heart sound results from a closure of semilunar valves. 

„'(e) The vagus nerve reduces the heart rate. 

■' (f) The AV node normally initiates the cardiac impulse. 

(g) Semilunar valves open during the ventricular diastole. 

3. Contrast between the following: 

(a) Open circulatory system and closed circulatory system. 

(b) Pulmonary circulation and systemic circulation. ( c , ^ ,, , ( > < > ' 

(c) Amphibian heart and mammalian heart, ><\ * • 1 ( i 

(d) SA node and AV node. ' ' , / / 

(e) Atrial systole and ventricular systole. ! ’ : ’ 1 ' , , t , 1 ‘ 

(f) Mitral valve and semilunar valve. 1 ‘ >• ' 

(g) Effects of sympathetic nerves and vagus on the heart. 

4. HI in the blanks with appropriate words: 

(a) The cardiac impulse originates from the_and is passed on to 

the AV bundle by_. 

(b) The__ valves close shortly after the start of ventricular systole 

while the_valves close shortly after the diastole starts. 

(c) Venae cavae drain the blood into the_atrium while pulmo- 

nary veins drain the blood into the_atrium. 

(d) The mitral valve has__cusps while the aortic valve possesses 

_cusps. 

(e) The human heart consists of_chambers while the fish heart 

> has_chambers. 

v^Degpribe the conducting system of the human heart. 
rtMiow does blood flow through the heart during the different phases of the cardiac 
cycle? 

7. Give the causes for the following: 

(a) Heart sounds (b) Non-mixing of deoxygenated and oxygenated blood in the 
mammalian heart. 


.and is passed on to 


8. Mark the odd on^in each of the following series: 

(a) Purkinje fibres; AV bundle; AV valve; SA node. 

(b) Mitral valve* tricuspid valve; semilunar valve; venous valve. 

(c) Thoracic duct; aorta; pulmonary vein; venae cavae. 

(d) Human heart; fish heart; reptile heart; toad heart. 




CHAPTER 36 


EXCRETION AND OSMOREGULATION 



EXCRETION is the elimination of waste 
products from the body. Metabolism of 
different chemical substances produces 
different waste products in the body. A 
large volume of carbon dioxide and water 
are produced by the metabolism of carbo¬ 
hydrates, fats and proteins. Carbon diox¬ 
ide is easily eliminated as a gas by respira¬ 
tion, Some water is also vaporised from 
the lungs and eliminated in the expired 
air. Various non-volatile substances are 
either produced as a result of metabolism 
or taken in along with food. Being non¬ 
volatile, they have to be eliminated from 
the body in aqueous solutions or suspen¬ 
sions. Principal among them are NITROG¬ 
ENOUS SUBSTANCES SUCh as AMMONIA, 
urea and URIC acid. These are produced 
as metabolic end-products of proteins. 
Proteins are major nitrogenous sub¬ 
stances of food as well as body tissues, 
Hence, they form the main source of 
nitrogenous waste products. Metabolism 
of nucleic acids also produces small 
amounts of nitrogenous substances such 
as uric acid. The organism has also to 


eliminate excess of vitamins, hormones 
and inorganic salts. Some water is elimi¬ 
nated for excreting all such non-volatile 
material. Moreover, the body is also 
required to excrete the water gained in 
excess of body requirements either from 
food and drinks or through the integu¬ 
ment. This is necessary for preventing the 
dilution of body fluids with water. 

The non-volatile solutes as well as 
water are mainly eliminated in the urine. 
The organs which form, store and void the 
urine constitute the urinary system. 

Nitrogen Excretion 

The elimination of nitrogenous waste 
products is a major function of the excre¬ 
tory system. The principal nitrogenous 
waste product varies from species to 
species-proteins are catabolised most 
commonly into ammonia, urea or uric 
acid according to the species. 

Ammonotelism 

A rnmonotelism 

of nitro gen mainlvd iLtJi&iMm Jif ammo- 
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nia. Ammonia is the basic nitrogenous 
catabolite of proteins. Ammonia is highly 
soluble in water and highly toxic to the 
animal. So, its concentration must be kept 
very low in the blood. For this, ammonia 
should be eliminated as rapidly from the 
body as it is formed. A large volume of 
water is needed by the animal to dissolve 
ammonia and eliminate it from the body. 
So, its elimination in urine involves con¬ 
siderable loss of water from the body. But 
this poses no problem for animals living in 
aqueous habitat. Many aquatic inverte¬ 
brates' bohylfishes and aquatic amphibi¬ 
ans such as salamanders excrete amm onia 
as the main nitrogenous waste product in 
the "urine. They are "called ammonotelic 
ANIMALS. 

Ureotelism 

Ureotelism is the urinary elimination of 
nitrogen mainly as urea. Many animals 
cannot readily get as much water as is 
required for the speedy elimination of 
ammonia. In the liver of such animals, 
ammonia is immediately combined with 
carbon dioxide to form urea. The synthe¬ 
sis of urea frqm ammonia requires energy. 
Still it is very helpful to the animal 
because ureajs far lessJtoxic than ammo¬ 
nia and the animal can afford to excrete it 
at a slower rate than ammonia itself. U rea, 
is very soluble in water and needs a con- 
s'iderabl’e volume of water for its elimina¬ 
tion. So, it can serve as the principal 
nitrogenous waste product only when the 
animal can afford either to excrete suffi¬ 
cient volumes of water, or to concentrate 
urea considerably in the urine, or to retain 
considerable amounts of urea in the blood 
and body fluids, ureot elic animals 
include man and all other mammals, even 
aquatic mammals like whales and seals, 
and desert mammals such as camels and 


kangaroo rats, terrestrial and semi- 
aquatic amphibians like toads and frogs, 
cartilaginous fishes (elasmobranchs) such 
as sharks and sting rays and aquatic or 
semi-aquatic reptiles like alligators, terra¬ 
pins and turtles are also ureotelic. Man 
can concentrate urea in the urine more 
than hundred times its concentration in 
blood. 


Earthworms excrete ammonia when 
sufficient water is available, but 
eliminate urea instead of ammonia 
in drier environments. Xenopus 
toad, and lung fishes are normally 
ammonotelic when living in water; 
but they turn ureotelic and retain 
urea in their blood when lying 
immobile and dormant in moist air 
or mud during summer months. 
Amphibian larvae, the tadpoles, are 
aquatic and ammonotelic; but they 
switch over to ureotelism and start 
forming urea during their metamor¬ 
phosis into adult terrestrial forms. 
Sharks retain so much urea in their 
blood that their blood osmotic pres¬ 
sure approaches that of sea-water; 
this minimises water loss from their 
body to the concentrated saline 
water of the sea. 


Uricotelism 

Uricotelism is thee limi na tion of nitro gen 
mainly as ufi<? acid. Ammonia produced 
by protein catabolism is converted to uric 
acid in the liver of uricotelic animals. 
Synthesis of uric acid involves far higher 
expenditure of energy than the synthesis 
of urea. But excretion of uric acid-instead 
ofureais of greater advantage to land ani¬ 
mals and birds with very limited access to 
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Fig,36.1 A. Excretory organs in prawn; B. Malpighian tubules of cockroach (insect) attached with the ali¬ 
mentary canal 


water because it is .far less toxic and being 
insoluble in water, doesnorrequire much 
waterTorlts elimination. Birds, land rep¬ 
tiles, insects, land snails and some land 
crustaceans are uricotelic. You must have 
noticed that the droppings of birds and 
lizards consist of insoluble white and 
brownish black material suspended in a 
little aqueous fluid. The white mat erial 
con sists of jnsoluble crystals' oFuricjcid 
and urates; suspended in a small volume 
of Water 'll forms the urine.~The"greyisji or 
brpwatst Lblack material Is the* faec es. So 
high is the concentration of uric acid in 


bird-droppings that’uric acid has been 
commercially extracted from bird- 
droppings (guano) collected particularly 
from uninhabited marine or littoral 
islands. 

Excretory System 

The excretory system consists of organs 
and tissues participating in the removal of 
waste products. Some of these excretory 
organs constitute the urinary system 
which forms and eliminates urine and 
helps mainly in the excretion of nitroge¬ 
nous waste-products, water and some 
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Though ureotelic, man excretes a 
small amount of uric acid in his 
urine. It is formed from nucleic acid 
and is too little in amount as com¬ 
pared to the total urinary nitrogen. 
In some patients, either the forma¬ 
tion of uric acid is abnormally 
enchanced by metabolic defects or 
its urinary elimination becomes 
defective. This raises the concentra¬ 
tion of uric acid in their body fluids. 
Being almost insoluble, uric acid is 
deposited in soft tissues including 
joints, cartilages and kidneys. Such 
patients consequently develop gout 
and kidney failure. 


mineral salts. Besides the urinary system 
there are some accessory excretory organs 
and tissues such as the skin, lungs and 
liver. The mode of excretion varies in dif. 
ferent kinds of animals. 

Excretory Organs of Invertebrates 

In sponges, waste products are drained 
out through their water canal system; in 
Hydra, cells release waste products into 
the coelenteron from which it goes out 
through the hypostomal opening, flame 
CELLS perform excretory function in the 
body of tape worms. Annelids have coiled 
tubules forming the excretory organs 
called NEPHRIDIA. Prawns have green ' 
glands and insects possess Malpighian 
TUBULES as organs of excretion (Fig 
36.1). 


EXCRETORY VESSELS AND FLAME CELLS 

Tapeworm, liver fluke and Planaria possess long interconnected excretory vessels 
which open to the outside through pores in the body-wall. Fine capillary vessels, 
connected to the excretory vessels, terminate in flame cells (Fig .36.2), The flame 
cell is a large cell at the tip of a capillary vessel. Its cytoplasm is hollowed out by 
the blind end of the capillary; so, the cell surrounds a large central cavity continu¬ 
ing into the capillary vessel. Many cilia project from the cell surface into the cen¬ 
tral cavity. Soluble waste products diffuse from neighbouring cells into the flame 
cell. The latter excretes an aqueous solution of waste products as the urine into the 
central cavity bounded by its cytoplasm. Ciliary movements of the flame cell pro¬ 
pel the urine from the central cavity to the capillary vessel. The name ‘flame cell 4 
comes from die flickering appearance of moving cilia under the microscope. The 
urine in the capillary vessel moves through progressively bigger vessels by ciliary , 
movements on their walls and finally flows to the exterior through the pores in the y 
body wait ■' 

it 

, \ NEPHRIDIA 

' >* 

, Earthworm, leech and other annelids possess an excretory system consisting qfif 
manylong or short, coiled or otherwise modified tubules called NEPHRIDIA 
■c 36.3). They occur in pairs in many body segments. Each typical nephridium stt^K« 
^ from % roundciliated funnel called nephrostome which opens into the bodyWJj 
(coelom); the lumen of the tubule communicateswiththe body cavity 






-= 5 ^ flame cells 


Excretory pore 


Cell-body 


Flg.36.2 A. Excretory system in Planaria 
B. Enlarged view of a flame cell 

the nephrostome. The nephridial tubule passes in a zig-zag course through the 
body, it is invested by blood capillaries and possesses ciliated cells lining its 
lumen. A typical nephridium finally opens outside the body through a small circu¬ 
lar opening or NEPHRIDIOPORE in the body wall. But some nephridia open into 
collecting ducts draining into the alimentary canal. The nitrogenous waste formed 
in nephridia is propelled by ciliary movements and ultimately flows eithefto the 
exterior or into the alimentary canal. 

green glands 

The principal excretory organs of prawns are paired green glands. They are 
located within the second antennae which are the second pair of appendages 
attached to the anterior part of the body. Each green gland consists of an END sac, 
a LABYRINTH and a BLADDER (Fig 36.1). The end sac is a small bean shaped struc¬ 
ture carrying blood lacunae in its wall. Urine is first formed in the lumen of the 
end sac from the blood in the lacunae. Urine flows from the end sac to the thin, 
branched and tortuous tubules of the labyrinth. Urine flows from the labyrinth to 
a large sac-like bladder, which stores it temporarily, A duct called the ureter leads 
from the bladder to the base of the antenna where it opens to the exterior. Urine is 
voided from the bladder through the ureter. The end sac and the labyrinth seem to 
eliminate ammonia and uric acid respectively in the urine. The bladdeir opens also 
by a duct into a large thin-walled renal sac. 
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FIg,36 J Ncphridium or Nereis 
MALPIGHIAN TUBULES 

The principal excretory organs of most insects, millipeds, spiders and scorpions 
consist of fine, spiral or convoluted, thread-like tubules called Malpighian 
tubules (Fig 36.1). They lie in the.body fluid called hemolymph, run beside the 
alimentary canal and open into the latter. The other end of each tubule is blind 
and remains immersed in the hemolymph. Water and nitrogenous waste products 
such as uric acid and guanine enter the tubular lumen from the hemolymph to 
form the urine. Movements of the tubular wall conduct the urine finally to the ali¬ 
mentary canal. 


Vertebrate Urinary System der and a urethra (Fig 36.4). The two flat- 

Kidneys are the urine-forming organs of ^ ene ^ bean-shaped kidneys are located 
vertebrates including mammals. The ^ ns ^ e the abdomen on two sides of lum- 
urinary system of mammals consists of har vertebrae and against the posterior 
two kidneys, two ureters, a urin'ary blad- abdominal wall. Each kidney is covered 




Fig.36,4 Urinary system of a mammal (human) 


by a tough capsule. The human kidney 
measures about 10 cm in length, about 5 
cm in breadth and about 9 cm in thick¬ 
ness. On the concave side of the kidney, 
there is a longitudinal opening, called the 
HILUM. The hilum leads to an extensive, 
flat, funnel shaped space called the RENAL 
PELVIS (Fig 36.5). The pelvis is almost 
completely surrounded by the kidney tis¬ 
sue. The kidney consists of an outer layer 
of tissue called the renal cortex and an 
inner tissue called the renal medulla. 
Conical pyramid-shaped masses of the 
renal medulla project into the renal pelvis 


and are called medullary pyramids. 
Urine is formed by a vast number of min¬ 
ute tubular structures called nephrons 
which form the structural and functional 
units of the kidney (Fig. 36.6). Nephrons 
and collecting tubules ean be seen in a sec¬ 
tion through the kidney. Nephrons lie 
partly in the renal cortex and partly in the 
renal medulla. C ollecting ducts collect th e 
urine fro m nepK rons and conduct itjnto 
bigger ducts.The se d ra in th e urine intothe 
TehaTpeTviF through minute o penin gs at 
the apices or papil lae "of t he pyramids, 
"the renal'arteryand the renal vein respec- 
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Renal artery 
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Flg.36.5 The kidneys and the associated structures in man. The left kidney is partially dissected to show the 


internal structure. 

tively enters and leaves the kidney 
through its hilum. 

A thin muscular tube called the URETER 
emerges from the hilum of each kidney. 
Urine enters the ureter from the renal pel¬ 
vis and is conducted along the ureter by 
peristaltic waves on its wall. Ureters from 
both the kidneys finally open into a hol¬ 
low muscular sac called the urinary 
bladder. Thus, the urine from both kid¬ 
neys is drained into the bladder which 
stores it temporarily. Bladder and ureters 
are lined by transitional epithelium which 


In birds and reptiles, ureters and the 
rectum open into a sac called the 
CLOACA which stores both urine and 
faeces, and reabsorbs water from 
them. The cloaca opens to the out¬ 
side through a cloaca aperture. In 
reptiles, the urinary bladder is a sac 
attached to the wall of cloaca. 


may be considerably stretched without 
getting tom when the bladder and ureters 
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Fig. 36.6 A. Nephron—ihe unit which builds up a kidney; B. Bowman’s capsule 

are filled with urine. urine has accumulated in the bladder to 

A membranous tube called urethra distend the bladder and raise its pressure 
arises from the neck, of the bladder and sufficiently, a spontaneous nervous activ- 
conducts urine to the exterior. The mus- ity (reflex) is initiated; this causes the 
cular urethral sphincters keep the urethra smooth muscles on the bladder wall to 
closed except during the voiding of urine. contract and the urethral sphincters to 

micturition is the act of voiding the relax. Urine consequently flows from the 
urine. Besides functioning as a temporary bladder through the urethra to the exte- 
reservoir of urine, the bladder also evacu- rior. But it is prevented from flowing back 
ates the urine by the process of micturi- into the ureters, because the terminal part 
tion at suitable intervals. When enough of each ureter passes obliquely through 

_ H 
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the bladder wall and is consequently 
closed due to compression by the con¬ 
tracting bladder muscles. Micturition 
may be voluntarily inhibited for a pro¬ 
longed interval until the bladder pressure 
rises too high. On the contrary, micturi¬ 
tion may also be voluntarily initiated even 
before sufficient urine has collected in the 
bladder. 

Accessory Excretory Organs 

Besides the urinary system, some other 
organs and tissues function as accessory 
excretory organs. The skin, lungs an^ liver 
in vertebrates are accessory excretory 
organs. 

Excretory Role of Skin 

In many aquatic animals, ammonia may 
be excreted into the surrounding aqueous 
medium by diffusion through the integu¬ 
ment. But the integument is far less per¬ 
meable in land animals; this has evolved 
for preventing the loss of water through 
the integu ment. But the skin still retains 
some minor excretory role in many land 
animals. Human skin possesses glands for 
secreting two fluids on its surface, viz. 


Large amounts of sodium chloride 
are excreted in sweat during profuse 
sweating. So, muscle cramps may 
occur due to salt deficiency if only 
water is drunk instead of a dilute salt 
solution to quench the thirst during 
heavy sweating. Lactic acid concen¬ 
tration in sweat may significantly 
exceed that in the blood and urine 
during and after heavy work which 
produces much lactic acid by glycol¬ 
ysis. However, the volume of sweat 
varies from negligible to 14 litres a 
day, rising with activity and temper¬ 
ature, because sweat is principally 
meant for heat loss by its evapora¬ 
tion from the skin surface. So, the 
amount of water, sodium chloride, 
urea or lactic acid excreted in sweat 
varies not with the need of the body 
to excrete them, but with the need to 
cool the body by secreting sweat. 

tion. The entire volume of carbon diox¬ 
ide, produced in the body, and somernm? 

ture are regularly excreted in the expired 


sweat from sweat glands and sebum from air. 
sebaceous glands. 

Sweat is an aqueous fluid containing in Excretory Role of Liver 
solution mainly s odium chlorate, lactic The liver is the principal organ for the 
acifLu irea, amincPacicf Fand glucose. It ^'excretion of cholesterol, bile p i gments 
serves in excreting mainly water and (bilirubin and biliverdin), and inactivated 
sodium chloride, and small amounts of 


urea and lactic acid. 

Sebum is a wax-like secretion which 
eliminates some lipids such as waxes, sTSt- 
ols, other hydrocarbons and fatty acids on 
thft Skin. 

Excretory Role of Lungs 

Lungs regularly participate in the excre¬ 
tion of some volatile materials by ■respira- 


In infective hepatitis or liver damage 
due to chloroform poisoning, the 
liver fails to eliminate bile pigments 
in the bile, This produces jaundice 
with yellowish hue of the skin and 
mucosa due to high blood levels of 
bile pigments. .• 
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products of steroid hormones, some vi ta- 
fflins and many dr ugs. It secretes these 
^■SsTances'm 'thebiieTthey are carried by 
the bile to the intestine and are ultimately 
eliminated with the faeces. 

Urinary Elimination of Waste Products in 
Man 

Kidneys excrete in the urine nitrogenous 
waste products such as urea, uric acid and 
ammonia, water, inorganic salts such as 
sodium chloride, and various other sub¬ 
stances. For this, kidneys secrete urine 
continuously in their nephrons. 

Nephrons 

Nephrons are the functional units of kid¬ 
neys (Fig 36.6). Each kidney possesses 
about 1.2 million nephrons in man. The 
nephron is a thin, long, twisted tubular 
structure, originating in the renal cortex 
and coursing partly through the cortex 
and partly through the renal medulla. 
Nephrons present a vast total surface area 
for exchange of materials between the 
urine in their lumen and the cells on their 
wall. 

The tubule of each nephron begins as a 
cup-shaped capsule made of two mem¬ 
branes. It is called BOWMAN’S CAPSULE 
and encloses i n .the hollow of the_ cun. a 
aln hiilar tuft of yanillaries. called the GLO- 
M £sS 5s(Fig 36 j 6), The inner membrane 
of tEeBowman’s capsule is applied closely 

on the walls of glomerular capillaries; its 

outer membrane continues fnto the wall 
of the next segment of |he tubule. The 
space or lumen between the membranes of 

the Bowman’s capsule is continuous with 

the lumen of subsequent portions of the 
tubule. T he Bowman’s 'capsule and th e 
Blogatulusl ogether form aglo'bulaV'bod 
IFNAL CORPUS cD^ Blood 
enters the glomerular "capillaries through 


anQ jfiEER FNT A RTETNQfl? and leaves the 
glomerulus t hrnn R h a n^ iRpt7rarr^ 
OUL Urine is primarily formed by the fil- 


mation of a protein-free fluid (glomeru¬ 
lar filtrate) from the glomerular 
capillary blood into the lumen of the 
Bowman’s capsule; the force for this filtra¬ 
tion is mainly provided by the blood 
pressure. 

The neck o f the Bowman’s capsule con¬ 
tinues inftTa long, highly coiled and 
twisted tubule called the proximal con- , 
V OLUTED TUBULE (PCT ). It is also located 
in th e renal cortex,~ The PCT continues 
into ajfflHn)walleci straight tubule which 
( fescena^rom the cortex to the renal 
medulla, then loops bask and~returns to 
the cortex as a straight thkk^wall ed tuhuie 


parallel to the thin limb.' Thi s TT-shaned 
loop-like segment of the tubule is ca lled 
Jh flTOkl.fe Luuo rig-36.6): it consists of 


the fttyn DE SCENDiNGJUMB-andJthe thick 
ASCENDING LIMB. Henle’s loops af§Tong 


loops afg long 


i n mammals and bird s! w hich-.secrete. 
hyperos mo tic urine, but are short or 


absen t m other vertebrates like reptiles 
which cannot secrete hyperosmotic urine. 

■ The Henl e!& lootTcontimifts into anot her 
s egment of coiled and twisted tubul e 
called" th e~Dlsf aL convoluted tubule^ 
(DCT). TfTe terminal portion of the DCT 
is a rg ]ptively qtrajght short tubu le called 
thC ollecting TuBuiJJlt is also located 
in xRrrenaFcbrtex. collecting tubules of a 
number of nephrons open into a bigger 

duct callfid-.the COT.LECTING DUCT fFie 

36.61. The (domeru laFfi^qtflflnws frnrp 
the B'^man’s-c anfiule-ritfniiph the PCT 
FTenle s IoopTdCT. collecting tubule and 
^ &r>i[Rctmg _thicLi These tubules reabsorb^ 
considerable amounts of water and differ¬ 
ent solutg sfrnm the filtrate. chancing it.1;o 
tbe unpe/ The collecting duct runs down 
to the medulla again, conducting the col- 
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lected urine towards the medull a. Collect - 
ing du cts unite with ea c h other in th e 
medulla to form still larger bucTS bel- 
UNL> These run-through the renal -pyra¬ 
mids and open into the renal pelvis . Thus, 
the urine is finally drained into the pelvis. 
The efferent arteriole emerging from a 
glomerulus gives a capillary network 
around the tubules in the cortex. It also 
gives rise to some ►parallel,^wide?- thin- 
walled, strai ght capUlafl ga. called vasa 
\ rectae. Each vasa recta first descends 
[ in to the medulla, then loons back to th e 
1 tjoftex and finally drains into a "venule . 
The loops of vasarectae lie close to the 
Henle’s loops of nephrons. They help to 
re tain reabsorbed io r|«i flpd Urea ia.th^ 
-medulla r y -interstitial fluid, t hus main- 
-tStmago tg high osmotic pressure. 

Composition of Urine 

Normally an adult mao secretes about 
1-TJB. litres of urine in 24 hou rs. The vol-" 
ume of urine depends upon the fluid 
intake, the level of physical activity and 
the temperature. Excessive intake of flu¬ 
ids increases the urine volume; restricted 
water intake, profuse sweating and heavy 
work reduces the urine volume. Urine is a 
transparent, yellowish, aqueous fluid. It is 
usually acidic in reaction and hypertonic,' 
i.e. it Haifa higher osmotic pressure than 
the blood plasma. Its specific gravity, nor¬ 
mally ranges between 1.003 and 1.040. It 
has a characteristic odour. When allowed 
to stand, it smells strongly of ammonia 
due to bacterial degradation of urea to 
arflmonia. " 


principal mineral salt in urine. Small 
quantities of other inorganic salts such as 
chlorides, sulphates and phosphates of 
potassium, calcium and magnesium are 
also present.' 1 Non-nitrogenous organic 
constituents include small amounts of 
vit^ininX*_oxal icJaiid-and-phenjaJj^suh- 
S tances . Lriucose is normally negligibly 
"amount. Proteins (albumin), bile salts 
bile pigments, glucose.and ketone bodies 
occur in urine in various pathological con¬ 
ditions only. •. 

Formation of Urine 

Nephrons form urine by a combination of 
three processes: (i) filtration nf a 
protein-free filtrate from the plasma into 
the Bowman’s capsule, (ii)REABSQEPTiON 
of some of the filtered matprialsbtSe'' 
renal tubules, and (iiilSETRETiONi 
other material by the~tuSuIeTTnib the 
filtrate. 

A protein-free fluid (glomerular fiU 
,TRATE)_is filtered fromlSejilopd of glo4 
* > gerular _c 3 pjnaae s^b i the himen jrfth? 

Bbwf ^n’sj ^osuleJ^^IsDrocesslscatferK 
^gl SMERULAR FILTRATIO N. The~cfi > rvTffp 
"TorceTor this filtration is provided by the 
jjjffergncs 

pressure and the sum of the osmoti c pres¬ 
sure of plasma proteins and the p rfessure 

-present nT the 
filtering force 


" of the~ filtrate, already 
fcwman’s eansnl e. This 


Urea is the chief nitrogenous constitu¬ 
ent of human urine. Other nitrogenous 
constituents of normal urine include 
^ammonia, uric acid, creatinine and hippu- 
ric acicT About one-fourth of the solids is 
~accoirate3lfor by sodium chloride; it is the 


normally averages about ljQumm-Hg jyn 
man. It normally filters about J_25jmLof 
the filtrate in the two kidneys every min- 
„ ute. About one-fifth of the tot al volume of 
^plasma flowing through the kidneys is 
thusTtttered out as the glomerular filtrate. 
The filtration occurs across the membrane 
made of the glomerular capillary wall and 
. the inner membrane of the Bowman’s cap- 
sul^The pores of this filtering membrane 
are impermeable to large mole cules^ 
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p articles . Large particles like blood cells 
macromolecuteiTdajiot nor-~ 
into the glomerular filt rate. 
But smaller molecules like glucose* urea, 
creatinine, amino-acids and mineral salts 
are filtered into the Bowman’s capsule in 
concentrations more or less similar to 
’their respective .concentrations in the 
plasma. The filtrqto therefore almost 
resembles the ^ein-free jlasnw n com¬ 
position and osmotic pressure. 

As the glomeqular filtrate courses 
through the tubules, its composition, 
osmotic pressure and pH change progres¬ 
sively, this is largely due to reabsorption 
of wate r a nd many solutes, fr om it .in .the 
tu65lHI^hlMrrQcgsij^_called ufflliug 
reabsorption. / There are two mecha¬ 
nisms for tubtflar reabsorption—active 
a nd passive. Substances which^are 
Uderable importance to the body such as 




very rapid and continues even when the 
concentration of the substance far lower 
in the glomerular filtrate than in the 
blood. 

Some other substances are re-absorbed 


from the tubules slowly by the .ph ysical 
p rocess offiffusion. o nly so long as their 
concentrations in-the glomerular filtrate 
exceed their respective concentrations in 
the blood. So, these substances can never 
be totally re-absorbed from the urin e, e.g. 
u rea, ^ammonia, creatinine and keton e > 
bodfes T Water is also reabsorbed by the 
passive physical process oKosnmyis'.' ' 

* THEJESQXIMAL CONVOnfTFn TT TRIPLE 

(PCT)a5hvRl^ahsQrbsal most the tota l 
amount of glucose, most of the a mino- 
a cids _a nd vi tamin " C , about 70 per ce nt 
Na + , nearl y 75 per cent of K_* , and a large 
am ount of Ca 2 l from the glomerular^fil¬ 
trate. CI~ isjcahsorhect hy diffusion fro m 
th e PC T. 7 5 per cent of the water of the 61- 
trate is also- re a b sQ rbe d4iere-bv-QSxnQsis 




during thereab 


bout 5 per 


trate is reabsorbe 


of He 


the higher osmotic p i-pcmr* nf th^ mad!,' 1 - 
lary extracellular fluid maintained by vasa 
rectae. 




Either the total amount or most of the substance may be reabsorbed actively. Such 
substance are called HIGH THRESHOLD substances and are excreted in the urine 
only when their blood concentration is considerably high, e.g. glucose afid-amino- 
acids. renal threshold of a substance in its highest concentration ^ the blood, 
up to which it is totally reabsorbed front the glomerular filtrate. If its blood con¬ 
centration exceeds the reneal threshed, so much of it is filtered in the glomerular 
filtrate that it can no longer be totally reabsorbed; consequently, itappearsintheyr 
urine. For example, glucose is a high threshold substance—its renal threshold^ ' 
as high as about 180 mg per 100 ml; it is totally reabsorbed and does nertappeap: 
in the urine so long as its blood level does not exceed 180 mg. But when its blood 
level exceeds 180 mg, some of the filtered glucose is left unabsorbed in the tubules 
and consequently appears in the urine. 
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The blood urea level rises abnormally (uremia) in patients suffering from renal 
failures. In uremia patients, an artificial kidney is used for removing accumulated 
waste products like urea from the blood by a process called hemodialysis. Blood 
is taken out from an artery of the patient, cooled to 0°C, mixed with an anticoagu¬ 
lant (heparin) and then pumped into the apparatus called the artificial kidney. In 
this apparatus, blood flows through channels or tubes bounded by cellophane 
membrane. The membrane is impermeable to macromolecules such'as plasma 
proteins, but permeable to small solutes such as urea, uric acid, creatinine and 
mineral' ions. The membrane separates the blood flowing inside the channels or 
tubes from a dialysing fluid flowing outside the membrane. The dialysing fluid 
contains some small solutes and mineral ions, but does not contain waste products 
such as urea, uric acid and creatinine. So, these waste products diffuse from the 
blood to the dialysing fluid across the cellophane membrane. Thus, the blood is 
cleared of considerable amounts of urea, uric acid, creatinine and other waste 
products, but does not lose the plasma proteins because the cellophane membrane 
is impermeable to them. Such a process of separating small solutes from macro- 
molecular colloids with the help of a membrane is called dialysis. The blood com¬ 
ing out from the apparatus is. warmed to body temperature, mixed with an- 
antiheparin to restore its normal coagulability, and returned to a vein ofith'e 
patient. Hemodialysis saves and prolongs the life of many uremic patientsf 

W ’ . 


Cl". Some tlai-is also reabsorbed by dif- as urea, creatinine and mineral ions into 
ffa$ion due to the electrostatic atraction of their tubules. Tubulm^secrerionJs-otfi|ri 
theregbsorbe d CT . But no water is reab- vjless B ut most o f 

_.1_1 aL- _iL- Kl. _t_A. J ■ 1L . . . ^ 


^ s orbed with-the solutes, because the ^the K.+ eliminated in^ the—manunalfen 
/ *3rSCen dinp limn is impermeable tr> water ufui£is secreted by the^istal-convehUed 
So. the filtrate^ becomes- diMg i (hypo - Jubulean d collectin^ducts in exchange of 
t onicU han t he plasmaas it flow s-through the ureaHsorbeS' Na 4 ^ The distal^convo- 
-IlnsJimb. f luted tubule and collecting tubule also 

'wThe distal convoluted TUBUEHP*" se crete uric acid a nd ammonia in the 
)CT), COLLECTING TUBULE and COT* urine. 

’CTING duct actively reabsroiWiffeiUP Thus, urine is formed in the nephron by * 
a ^ from the fi ltrate and in exchange*, a combination of glomerular filtration, 
Lcretes some K + | in the urine. Some Cl“ tubular reabsorption,/ and tubular 
reabsorbed by diffusion from the DCT. secretion. 


(DCT), COLLECTING TUBULE and COT* 
LECTING DUCT actively reabwnblWaiiff 
-Na t from the fi ltrate and in exchange*, 
excretes^oinrKM in the urine. Some Cl“ 
reabsorbed by diffusion from the DCT. 


The third process in urine formation 
consists o f TUBULAR SECRETION. This is of Osmoregulation by Kidney 

consider ate impor tance in macinai ishes . Kidneys play an essential role in main- 
and dfijigjj amphtbtansr These animals taining the concentration and osmotic 
possess no glomerulus in their nephrons; pressure (osmoconcentration) of blood, 
they f ornymne by -S ficrfiting jolutesjuch When water intake of an animal is very 
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high, the urine excreted has to be hypo¬ 
tonic in order to remove the excess of 
water. Contrarily, when there is a threat of 
excessive water loss -from the body, the 
urine needs to be hypertonic to reduce the 
loss of water with urine. In this way, the 
osmotic co<fcerjtration of the blood is 

maintained. jAlnaasl _all vertebrates 

i^inriingjna mmals can- Producc hvgo- 
tonic^rineTH duter and lower in osmoti c 

w^^edeBrarcsi^^sherseom^y^ 
dilute .urine. For this^'SH (fsftitOTic fluid' 
havin£ j5s^same osmoconcenTTSfionras' 
the blood^'is—'f irst Filtere~d~in fb~ the 
Rnwrmn’s caosote^frox n^ the bfood ^some 
solutes ,are fthen reabsorbed from t he, fil- 
trate in the tubules. ThisleayfisJirourine 
difdK ftlian~the bl ood. Kynotonic urine, 
the reforeT serves to elimTOfe excess water 
front the body so as to raise the osmo - 
c oncentration of the blood to normal," 
The land and marine animals may lose 
excessive amounts of water from their 
•body; this poses the threat of a rise in 
osmo-concentration of their blood . Mam- 
als and birds 




lai ^Ti ltfate is first fi 
Bowman's ca 


nfthis filtrate a large v 


not accompamed by the r 



SUh ^kidney gets regu lated largely by the 
ffio^emenroL NiijC lyVnd wat er. When 
*h£ protein-free fluidls filtered into the 
Bowman’s capsule from thejyioodjt has 
the same osmo-concentration as the blood 
plasma of the capillaries surrounding uri- 
niferous tubule. In the PCT, Na + gets 
actively reabsorbed, and CI _ gets reab¬ 
sorbed passively as it is attracted to the 
positive charge of Na + . 75 per cent of 
water of the filtrate simultaneously flows 
out of the PCT by osmotic effects of reab¬ 
sorbed solutes. The volume of the filtrate 
thus falls by 75 percent but it still remains 
isotonic to blood plasma. 

_The Henle’s loop is largely responsible 
for concentrating the urine . It is found - 
that th e greater the ability .o f =»n anim ? i ^ 
excrete’ , *Kypertbnic urine, the longer are 
t he Henle’s loops in its kidneys. Anoth er 
factor in the concentration of unne iSTthe 
presence of blood vessels calle d^ vasal 
reCtae)in the kidneys. The vasa rectae ves- 
’sels hrelnTRe fomTof loops. So, the blood 
flows in opposite directions in the two 
limbs of each vasa recta; th e^blood enter- 
ing its descending limb comes close to the 


outgoing blood in the ascending h 


it" j p a ;g w > i g 

Bf! m 




T.i.lii R jfti iwiffl cam m r^tiwTT 


leaves the urine more concentrated than 
the blood. This is very ftffftrtivp: in r^rtyc^ 
i ng*the urinary loss of water. w 

The veneorate kidney is Extremely 
flexible in operation. Depending on the 
availability of water and salts it excretes 




is abundant and small amounts of 


constituted by two limbs of the Heme s 


loop. T he glomerular filtrate flows m 
opposite directions in its two limbs. The 
filtrate entering its descending limb flows 
close to that leaving its ascending limb. 
Na + and flr «* ^absorbed from the 
'ascending limb into the surrounding med¬ 
ullary tissue where it is retained i w-the 

viT 3 nr>Uf ouififcthig 

limb a s it is impermeable to w ater. Thus. 

ogress ively more 




served. The fluid volume and osmolarity both salt and water. Thus, the reabsorbe 
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Birds cannot excrete urine as hypertonic as the mammalian urine. Reptiles cannot 
form hypertonic urine. Still, these animals can considerably reduce water loss in 
the urine, because their principal nitrogenous waste product happens to be insolu¬ 
ble uric acid. Their urine is stored in the cloaca along with the faeces. Large vol¬ 
ume of water can then be reabsorbed from the urine in the cloaca, because uric 
acid does not osmotically hold back any water from reabsorption. Consequently, 
the urine volume ultimately becomes very little, just sufficient to sweep away the 
insoluble uric acid from the cloaca. 

Camels are well known for their ability to withstand water-deprivation for long 
periods. But they do not store any water in the pouches of their rumen. The fat of 
hump is not particularly useful as a source of water because respiration must be 
enhanced to oxidise fat for producing water and this enhances respiratory loss of 
moisture. They doubtlessly reduce urinary water loss by secreting small volume of 
the urine much more hypertonic than the human urine; but it is still not so hyper¬ 
tonic as to explain their high tolerance of water-deprivation. But they lose far less 
water in the sweat, because they sweat only when their body temperature rises by 
as much as 6°C. Moreover, compared to all other mammals, they tolerate far 
higher water loss and far greater hemo-concentration. They can survive even after 
losing one-third of their body weight due to loss of body water; man dies if he loses 
one-fifth of his body weight due to water deprivation. These factors may be 
mainly responsible for the camel’s ability to go without water for long 
periods. 


posten 


H arrvn nmvj iM—M 


en the water 
is morelhan what if 


— ■li. f JK B Bl i 


ADll is not 






ue to active reabs 


active reabsorotion 
fom the filtrate in these tubules 


Urea by the co unter-current ^vstem o fyasa 
'rectae^'So, Water' is progressively' reab¬ 
sorbed from the filtrate flowing albng the 
DCT, collecting tubule and__collecting 
.duct (rendered permeable bv action of 


ADJj^JntcT the surrounding hypertonic 
tissue and the peritubular capillaries. The 
filtrate in the collecting duct consequently 
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becomes hyperosmotic and a strongly regulation by eliminating either hyp rv 
hypertonic urine flows out into the renal' tuu ic- or hypertonic urine, acco rding to the 
pelvis. need of the bodyT 

The kidney thus helps in osmo- .-"" 


SUMMARY 


Excretion is the elimination of waste products from the body. Lungs excrete carbon 
dioxide and some water in the expired air. But non-volatile solutes and water are 
mainly excreted in the urine. The urinarysystem consists of those organs of the excre¬ 
tory system which form, store and void urine. 

A major function of the excretory system is the excretion of nitrogenous waste 
products. These are mainly produced by the catabolism of proteins. Animals are 
ammonotelic, ureotelic or uricotelic accordingly as they excrete ammonia, urea or 
uric acid as the principal nitrogenous waste product. Ammonotelic animals such as 
bony fishes, excrete mainly ammonia because they get enough water to dissolve the 
highly toxic ammonia and excrete it speedily. Ureotelic animals such as mammals 
and sharks cannot readily get as much water as is required for speedily excreting 
ammonia; so, they change ammonia to urea and excrete urea in the urine. Uricotelic 
animals such as birds and land reptiles have very limited access to water. So, they 
change ammonia to insoluble uric acid which may be swept out in the urine with the 
minimum amount of water. 

The excretory system consists of organs and tissues participating in the excretion 
of waste products. In the Hydra and sponges waste products are excreted by diffusion 
from individual cells into the adjoining aqueous medium. Higher invertebrates and 
vertebrates have developed specialised tissues for excretion, e.g. nephridia in earth¬ 
worms and Malpighian tubules in insects. “*• 

The mammalian urinary system consists of two kidneys which form the 
urine, two ureters which conduct the urine from kidneys to the urinary biadder, a uri¬ 
nary bladder for storage of urine and a urethra through which the urine is voided by 
bladder contractions. The kidney contains many minute tubular nephrons which are 
located partly in the renal cortex and partly in the renal medulla. They form urine 
and drain it ultimately into the pelvis of the kidney, from where the ureter arises. 

The urethra is guarded by urethral sphincters. When enough urine accumulates in ' 
the bladder to raise its pressure sufficiently, the bladder wall contracts and urethral 
sphincters relax due to reflex. This brings about micturition. The act may also be ini¬ 
tiated or delayed voluntarily. 

Accessory excretory organs include the skin, lungs and liver. Skin excretes mainly 
water and sodium chloride in the sweat, and small amounts of lipids and sterols in the 
sebum. Lungs excrete carbon dioxide and some water vapour. Liver excretes bile pig¬ 
ments and cholesterol in the bile. 

Each nephron starts from a blind expanded end called the Bowman’s capsule, 
closely applied to a tuft of capillaries called the glomerulus. The Bowman’s capsule is 
followed by a highly tortuous proximal convoluted tubule, a U-shaped Henle’s loop, 
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a tortuous distal convoluted tubule and a collecting tubule. Collecting tubules drain 
the urine into collecting ducts. Collecting ducts open into ducts of Bellini which drain 
Ihe urine into the renal pelvis. 

The human urine contains water, urea, other nitrogenous waste products, sodium 
chloride, other mineral salts and some non-nitrogenous organic substances. 

The urine is primarily formed by the filtration of a protein-free filtrate from the 
blood of glomerular capillaries into the Bowman's capsule. The force for forming this 
glomerular filtrate is provided by the difference between the blood pressure in the 
glomerulus and the sum of the osmotic pressure of plasma proteins and the capsular 
filtrate pressure. As the glomerular filtrate flows through the tubules, they reabsorb 
many substances from it. Some substances such as glucose, amino-acids and Ha + are 
reabsorbed actively and either largely or totally, Some other substances such as urea 
are absorbed in small amounts by diffusion. Water is absorbed passively by osmosis. 
Different portions of tubules absorb different substances. Tubules also secrete vari¬ 
ous substances such as K + , uric acid, creatinine and ammonia into the urine. A com¬ 
bination of glomerular filtration, tubular reabsorption and tubular secretion forms 
the urine in nephrons., 

Kidneys also maintain the osmotic concentration of blood and thus have a role in 
osmoregulation. This is largely due to counter-current mechanisms working in the 
kidney and the action of the apridi urelic hormon e in promoting water reabsorption 
from the tubules. 


QUESTIONS 


1, Match the items of column A 
Column A 

(a) Ammonotelism 

(b) Bowman’s capsule 

(c) Urinary bladder 

(d) Vasa rectae 

(e) Sebum 

(f) Uricotelism 

(g) Antidiuretic hormone 

(h) Tubular reabsorption 

(i) Ureotelism 


those of column B. 

Column B 
(i) Birds 

(li) Hypertonic urine 

(iii) Counter-current system 

(iv) Glucose 

(v) Glomerular filtration 

(vi) Micturition 

(vii) Flame cell 
(viii) Bony fish 

(ix) Skin 

(x) Shark 


with 


2. Indicate whether the following statements are true or false. 

(a) Micturition is carried out by a reflex. 

(b) The counter-current system of vasa rectae retain the reabsorbed Na + in the 
medullary tissue. 
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(c) ADH helps in water elimination, making the unne hypotonic. 

(d) Protein-free fluid is filtered from blood plasma into the Bowman's capsule. 

(e) Birds excrete ammonia as the principal nitrogenous end-product in the unne. 
(0 Glucose is actively reabsorbed in the proximal convoluted tubule. 

(g) Henle's loop plays an important role in concentrating the urine. 

(h) Vasa rectae carry the glomerular filtrate from the distal convoluted tubule to the 
collecting duct. 

(i) Urine reaches the bladder from the kidneys through the urethra. 

3. Fill in the blanks with appropriate words: 

(a) During micturition, the urinary bladder_and the urethral. 

sphincters_ 

(b) Sweat serves to eliminate mainly_and_ 

(c) Blood enters the glomcrulus'through its_arteriole and leaves the 

glomerulus through its_arteriole. 

(d) ADH increases-of---un the collecting duct. 

(e) Two counter-current systems are formed in the kidney by the_ 

and the_ 

(f) Name cells participate in excretion in animals like_while 

_possess Malpighian tubules as excretory organs. 

(g) Cholesterol excreted in the_and waxes are excreted in the 

A 4^''Discuss how the kidney helps in osmoregulatfon in mammals. 

^/Describe the role of ADH and counter-current systems in forming hypertonic 
urine. 

_Describe how urine is formed in the nephron through filtration, reabsorption 

and secretion. 

7. Explain the following: 

(a) Skin functions as an accessory excretory organ. 

(b) Mammals can eliminate hypotonic urine and hypertonic urine according to body 
needs, 

(c) Micturition is reflex process, but is under some voluntary control. 

(d) Mammals are ureotelic, but birds are obliged to be uricotelic. 

(e) Different parts of a nephron participate in different ways in the formation of 
urine. 

Describe the sturcture of a nephron with a labelled diagram. 4 k-*ckf> txj 

9. Distinguish between I 

(a) Ureotelism and uricotelism. 

(b) Sweat and sebum. 

(c) Proximal and distal convoluted tubules. 

(d) Ascending and descending limbs of Henle’s loop. 

(e) Tubular reabsorption and tubular secretion. 

10, Mark the odd one each of the following series. 

(a) Renal pelvis, medullary pyramid, renal cortex. 

(b) Afferent arteriole; Henle’s loop; Vasa recta; efferent arteriole. 

(c) Glomerular filtration; antidiuretic hormone; hypertonic urine; collecting duct, 

(d) Proximal convoluted tubule; distal convoluted tubule; Henle’s loop; renal 
corpuscle. 




CHAPTER 37 


MOVEMENTS AND LOCOMOTION 



movement is an important characteristic 
of living organisms. It takes mainly two 
forms in multicellular animals. One is 
LOCOMOTION. It is the act of walking, run¬ 
ning, crawling, hopping, flying or swim¬ 
ming freely, either over a surface or in a 
liquid or gaseous medium. Locomotion 
distinguishes most animals from plants. It 
serves many purposes. It enables the ani¬ 
mal to shift its entire body from place to 
place. In so doing, it transfers the animal 
from an unfavourable environment to a 
favourable one. It moves the animal away 
from predators. It helps the animal to 
search out and procure food and water. It 
also enables the animal to find its partner 
for reproduction and to reach favourable 
areas for egg laying or rearing of the 
young. 

movement of Body parts in relation 
to body axis is the other form of move¬ 
ment in animals. Such movements also 
serve many purposes. Movements of 
limbs, appendages, head and trunk serve 
to change the body posture to maintain 
equilibrium against gravity. Limb move¬ 


ments are also required foi carrying out 
locomotion. Prehension of food involves 
movements of tongue, jaws, snout, tenta¬ 
cles, limbs and appendages in different 
animals. Movements of eyeballs and 
pinna of ear help to collect information 
from the external environment. On the 
othei hand, movements of the internal 
parts such as visceral organs, help in many 
biological activities by changing the vol¬ 
ume and pressure in them. Food and urine 
are propelled by the movements of, 
respectively, digestive and urinary tracts. 
Cardiac movements circulate the blood. 
Lungs are ventilated by movements of 
thorax. 

Besides locomotion and movements of 
body parts multicellular animals have 
retained in some of their cells many of the 
movements found in unicellular organ¬ 
isms. You may recall tha t ciliary, flagellar 
and amoeboid movements_am lcytoDlas^ 
mrirfftfeamlng take place in manyuBiggfr 
lula r organisms. I n multicellular animals, 
pnagocytes suclias leukocytes and macro¬ 
phages migrate through tissues by amoe- 
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jjboid movemeDts. Xiliary movements o f lar cells in the inner layer ( Fie. 35.2). Pro- 
cells lining the upper respiratory tra ct, ^cesses oi‘ tKe5g~c ollo run in*t he body wall 
"Fallopian - tubes and iw p^pr^otLa ortpc- both along the long axis of the body and 


.t es transport, respectively, dus toarticles. 
jya and s perms in specific directions in 
I those organs. M ammalian sperms move 
£n the female reproductive tract by 
flagellar movements. Flagellar move¬ 
ments of cells linning the water canals in 


around the central body cavity. Contrac¬ 
tions anfLralay atinns nf thpcp rpuT^^--- 
tively^^sho rten and elongate th eir pr^ 
cesses_ThejTconsequentLy cause ajfsbits 
of movements of Hydra including short¬ 
enin g. elongation and 
and .t entacle mov ements. Locomg ‘ 


sponges maintain the water-current in 
those canals. carri ed out by liomeysaulta"' and looping! 

Locomotion and movements of multi- 
cellular animals depend mainly on the 


specialised cells endowed with the ability 
to contract. You may recall that muscle 
fibres are such contractile cells. Most mul¬ 
ticellular animals possess muscles fibres 
for locomotion, limb movements as well 
as movements of internal organs. 

In vertebrates, locomotion and limb 
movements are carried out be muscles in 


Movements in Annelids 

Annelids such as- garthworm s and leeches 
possess muscle fibres on^ the body walL 
"some r unning circularly around the b ody 
and others cour sing "along its lp ng 
But they do no tp ossess an^s'kSetal s ys'-"" 
tfillXjnsteaSrTiie’muscularlnovement; 


pushuhei rblood in the direction of pr ona- 
Msociation with the skeletal system. The e lation. T hiT movement of tbehi^Tr 
M;ce gene rated by muscle contraction is seiyfis-4e—moyg the animal'^forward. ' 
jj^jllSg d toilnove bones oi ine skeleton lik e ^Craw ling mnvemantsl in leech are showrT 
levers. This 1 resul ts in movements of liniSs j[nPlg7lST 2, — ~ 

pand_aopcaiWgiLs" r Bul there tuetiLununy + 

invertebrates such as j elly fish, ea rthworm Movements in Starfish^ — 

Starfishes utilise a flow of water for orawh 
toa over a'SffiTS5riron515r’ 
Even flftoT stlef hh T ow w ithiwo rows of tto e. 

ntns^jhnternal oiBansareno tasMCi- FEET^nsSsx^nictalSfe^r 

m ^l body . This flow of wate r m oves the 
tufelS L c arrying the animal over^th e 
surface of the substratum (Fig. 37.3). 


e ither smooth musciesror cardiac muscles 
viM&InujSries^w ^ 

system,aig calle d skeletal muscles. 
MovementT^h^Stoe-wertebrates are 


briefly described below. 


h 




Movements in Hydra 

The muscle fibres are lacking in Hydra. 
Instead, the animal has two types of con¬ 
tractile cells on its body wall, viz. 
epitheliomuscular cells in t he outer layer 
of the bony wan ana the nutritive musciT- 




Movements in Higher Vertebrates 

The Skeletal System 

In higher animals, movements and loco¬ 
motion depend on the association of skel¬ 
etal muscles with the skeletal system. The 
latter consists of bones, a specialised rigid 
connective tissue. Bones have great tensile 







Fig. 37.1 locomotion in Hydro : A. Looping; B. Somersault; C. Floating; D. Inverted movement and E, 
Climbing. (Arrows indicate the direction of body movements) 

strength, almost as high as that of cast According to the shape and size, bones are 
iron. The skeletal system consists of many categorised as long, sho rt, flat and irrega- 
parts, each made of one or more bones, lar bones. Thi~t.hlRh.bone (femur)! and . 


t 



650 


BIOLOqy 



Fig. 37.2 The characteristic movement of leech on 
a substratum through contraction and 
relaxation of muscles of the body wall. A 
to J—Different stages of movement 


Madreporite 


canal 


canal 



(ampulla portion) 


ateral canals 




Fig. 37.3 Water vascular system in a starfish (dia¬ 
grammatic) showing water canals and 
tube-feet 


the bone of the)upper arn^Thumeru 


examples of log 




S 5U^- Th e - b r east 
iulder "blade""" 




are fl at bon es. V ertebrargrelrr'egula r 
p ones~ Some major parts of human skele- 


numbers of 
verte- 


ton consist of the followin 
bone— tQcull orcraniiirr| ^ 
f orelimt) : S'fc' eachWdlin 

4;)rtbs : 24,_pgIvijLL3^eac h shoulder g irdle; 

sk eleton contains a total 

of __ 

The skeletal system performs the fol¬ 
lowing functions: 

1. It forms the rigid structural framework 
of the body and supports the weight of,'!; 
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pLoJcr be. -."S^^-tUO'vv, 

\J 


U*\. 


/\ujV'JLS.CO 651 
— | 

Coc^^ - | 

4^ l ~ : "~ t o, k*wft«'4l -.SC,3c t 

vV^' 1 


gfeulL — £ , Po-OL-ZM 




Carpals 

Metacarpals 

Phalanges 



■Skull 


Pectoral girdle 
Sternum 


.Vertebral column 

Radius 

Ulna 

Pelvic girdle 


Femur 


.Tibia 

fibula 


arsals 

Metatarsals 

'halangas 


Fig. 37.4 The articulated skeleton, of man. It is made up gf 2Q6 pieces of bbiie^V 




Fig 37.5 Types of joints: a JEfccd jaiflls rf -:Vnii hnnpy B. C 
Synovial joint (between pelvic girdle and femur) 


ten vertebrae) and C. 


the body along with its limbs. This 
weight-bearing function of the skeletal 
system depends on the deposits of cal¬ 
cium and phosphate in the matrix of 
bone tissue. 

It affords protection to internal organs 
against mechanical injury by forming 
cage-like compartments, e.g. skull is 
made up of several small bones and 
protects brain, eyes, ears and mouth 
cavity. ' ' 

It serves as a storage depot for calcium 
and phosphate, which are released for 
several functions of the boUy. 

. It participates in movements and loco¬ 
motion. The ends of each-skelet al mus- 
mileare inserted into more than one 


b^flB by meansjpf strong, dense gnd 
*tlex^S^5g nectIve tissuebands ca pp. 
JEJj DONS . 7 ' ** 

5. It ca rries the tissues for t h e-formation 
nfftie hlpnfl rell. Roth th e ervthrocvtes 
and leukocytes are produced in the re d 

bone mar rpw preset in thff mfprstTnfcff 

ofthe spongy hones nf vertebrae, ster- 
■numTscannla angTn~lh e ■ enH'Tri fJong 
bones, such as humerus, Temur 


Joints'. InirtR-ar n StrUTt ^s where two r 
bones are fitted to each other. The sur¬ 
faces of the two bones areinapposition to 
each other at "the joint. In many cases, 
these articulating surfaces also- move a 


upon each 


other at the joint. BecauS, 
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hpnes art icuiais--wTttK £ach other in this 
way at thejoints, a bone is moved at the 
joint by the contraction of a muscle 
inserted into that bone. Movements of the 
skeletal system thus occur actually at the 
joints. 

According to the mobility of joints, 
they-are classified into fixed , slightly mov- 
able and freely movable jointsi Fig 37.sT. 
Tfieir m obility depends on their structure. 
At { FIXEi3 OR fibrous JoTFrq, the articu¬ 
lating bones are fi rmly held together by 
dense bands o f tough,' inextensible white 
flKro us tissue . These joints permit ho 
mfasjneqfo?t he artic ulating bones,_s.g. 
rsumS o f^fcOTTBohesrAt SLIGHTLY MOY - 

'T BlfoR cartilaginous joints such as 
t hose between verte b rae and aLlhe.-S-y.m- 
p hvsiS Cubis. a dense disc of white 
fibrocartilagTioins the opposing surfaces 
o f the articulating bones to each othk-> 
This allows a~limited movement at the 
joint. You must Be aware that some Bend¬ 
ing and a little rotation of the vertebral 
column are possible, but its movements 
are far less than those at the knee or shoul¬ 
der joints. The latter are examples' of 


bones can move 
ely upon each other. H ere, the 
artic ulating surface d f eac H~Bone is cov 
ered with a sm ooth piece ot hyaline 






scapsu 


Synovial joints are further 
according to the movements they permit. 

CKET joints are the most 













Co, 



^ , 

Fig. 37.6 A. Hinge joint and B. Ball-and-socket 
joint 

bone with the ball h ead to be mov ed fi 
in many planes. 

re the ball-and-socket joints (Fi 


Movements at such joints may 
stretch (extendi, fold (fl ex) and rotat e a 
limb, they may als o draw a limb j/iwaxds, 
tfte'Body midline/TadducK. and move it 


e latter. 


resemble the hi 


e, knee an 






































iTiTi 



jgjpt. Their articulating ends may be 
rotated around a single axis passing 
through that joint. The articulating s ur¬ 
faces of two bones glide o ver each other at 
Gi.inmnjfiWs . S u'dh 1 pints include those" 
.between so me of the bones in the oaLm of 
in tKe sole of foo t ellipsoid joints per¬ 
mit"'movements of articulating bones 
around two axes . Such joints are formed 
between t WW bones and some bones in 
the sofe-oriffiSTT 1 

"Movements are produced at joints by 
contractions of skeletal muscles inserted 
into the articulating bones . Flexible con¬ 
nective tissue bonds called ligaments 
s tabilise the joints by holding the articu ¬ 
lating bones together. 


Movements of Skeletal Muscles 

The skeletal muscles are m ade of striated 
muscle fibres and are under voluntary 
ro ntrol. The skeletal muscles are fre¬ 
quently categorised "to indicate the move- 


Arthritisor inflammation of a joi 


the, joint. Thi s may re sult from alack 

of the svnnvial-flnifj at 

ossification of the articular cartilage. 
cfcpositio jLQf brie acid, crystals inujji 
jo int cavity, or o ther changes at tfiL* 


Slipped disc is a disp lacement of ve r- 
febrae from their normal positions, 
in the vertebraTcoIum n. it may artSe. » 
fro m causes like mechanical inju ry 
an d defects of ligaments holding the , 
Vertebrae together. The articiilSting 
surfaces ottne ailected vertebrae ^ 
no longer properly a pposedtcfeae h 
otfeet.... Nor is" the disc of 
fibr ocartilage" between~vertebra^ in 
proper alignment with thearticulat- 
in^yertebrae. 

mentsat the same joint, are called antaqI 


ments brought about by them in thefbody. When a muscle con^ 



For example, the contraction of a FLEXQit 
folds, up a joint bv rawing one fif fKg 
articulating hones tnthe other; this causes 
a folding or flexion of the limb where, the 
is located. The contraction of an 
a joint by pulling on 


tracts to produce a movement, its antago¬ 
ni st must relax to allow. that movement to 
take place. The Jbice ' 
elbow joint, and the triceps i ff its antago ¬ 
n ist an d an extensor foir that joint. During 


ow, biceps ^ontract s and 


iHiTfSTfSTuri i i jTj j t .1 


iculating, _hna e . . np arL-fibm ^tri ceps relax es; during extensio n at the 
an o ther ; this causes a.stretching or e xteiF samejoint^” t praps rnntr a cts andJuceps 
Tiomofthe limb. The contraction of — - 


rota 




relaxes 

Threshold Stimulus : Each skeletal muscle 
is composed of many muscle fibres. The 
contraction or shortening of a muscle 
results from the contraction of its muscle 
fibres. Each muscle fibre is supplied by*a 
nerve. The latter conducts propagated 

Changfq pf ffifririral pptgntiilr nnlirrH 

MEB.VE impulses to the muscle fibi£l 




o rotate the 
nd thus t o make the~palm face 


tracts to draw a bone awa 


mSi «««^«ikTffi'SB 


p. T he muscle s 
which contract to produce opposite move- 
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When the nerve fibre reaches a nerve 
impulse of adequate strength to the mus¬ 
cle fibre, the latter is stimulated and 
responds by contracting or shortening. 
When the muscle fibre is not stimulated 
by any nerve impulse, it relaxes and 

' - - . n . __ • . f 


the same muscle. If the nerve impulse or 
any other stimulus is below its threshold 
i ntensity, it fails to stimulate and contr act 
th^m n<;rl e~fi bre. ' 1 

^Single Twitch and Tetanus: A muscle fibre 
contracts only jncejn tlB stimulated by a 
impulse or electric shock of 


chemical or other forms of’ stim’Jyi** 
Bijn^rTSemgstimulated tocontract. the 


remains limp. Besides nerve impulses, the _ sin gle ne: 

muscle j ilue-jaay-i>els^^ adequate strength. This s ingle isolated 

atrengths ofrelectrjpgl, rfl^haaipsil, c ontractio n - pf t . h ft .Jn au a el e fibre 4«ucalled 

TmmHiftHy nfter the 
brief twitch, t he muscle fibre relax es. But' 
if a muscle fib™ ia-gtimulated- by a rapid 
succession of many nerve impulses or elec¬ 
tric Bh pclrttj. j t remains in a state of hub~ 
tained cont raction so long as lEestimula- 
tion continues. Such a continued state of 


eing stimuli _ 

muscle "fibre always requires a specific 
mmj^mrn~ stren«th jaL-intensitv oE-fhe 
stimu j p^r nerve imp ulse. This is called 
(^THRESHOLD stimuli^ of the muscle fibre 
and ltdiflfers from fibre to fibre even in 




ALL-OR-NONE LAW 

Qp being stimulated, each muscle fibre contracts with the maximum force if it '< 
contracts at all. If the stimulus is of a strength below the threshold, it fails to stimu; 
late the muscle fibre and the latter does not contract at all. But if the stimulus has & r i\ 
strength equal to or higher than the threshold stimulus, the muscle fibre always^ 
i contracts with the maximum force irrespective of the strength of the stimulus; tWo 
force Of contraction does not rise in such a case on increasing the strength of the) t 


T i* 

y 


stimulus. This is known as ALL-OR-NONE law. Even with the same strength of to. 
stimulus, however, the force of contraction may rise on changing other conditions^ 
like a change in temperature or pH or a silight stretching of the fibre. But evetf'l 
under sued a changed condition, the force of contraction cannot be increased; ^ 
enhancing the strength of stimulus. The all-or-none law is obeyed by not only strv 
ated muscle fibres, but also cardiac and smooth muscle fibres and nerve fibres. ■! 
The force of contraction of a muscle depends on the force and number of thecogj^l 
tracting muscle fibres in it. With the rise in the strength of stimulus, the muscles? i? 
a whole increases its force of contraction. In other words, the entire musple does/ 
not obey the all-or-none law although all its mjiscle fibres individuaUy-ob^ th^ ;|| 
law. This can be explained by the fact that the strength of the thfesbold>fSk|a! i 
varies from muscle fibre to muscle fibre in a muscle A Weak stimulus dan 
late only a few fibres which have low thresholds, but a stronger 
to stimulate a larger number of fibres by stimulating even those 
olds, Each Of the fibre contractsmaximaUy whenever it contracts; 
ber of contracting muscle fibres increases with this stmuME a" 
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contraction is called TETANUS. Much 
higher tension is developed in a tetanus 
than in an isolated twitch. Almost all our 
daily activites are carried out by tetanic 
contractions of muscles. 

Mechanism of Muscle Contraction ^ 

You may recall that each myofibril of a 
striated muscle fibre contains fthn^ ^ctin 
filaments and puc gj myosin "iiiamentsf 
'These Ailments are arranged longitudi- B 
nally-i nside the light 1 hud t hp daxk- 
A bands, respectively. T he actin and myo¬ 
sin filaments remain cross-linked wit h 
each' other in the myofibril. Each 
myofibril consists of’Trbw'oTfunctional 
units called rS5re ome@> e ach extendin g C 
fr om the finC'dark Zline or band -a t-the 
mi ddle of oneTb5H5j athe-?, line, oUhe 
gexf 1 -band .(.Fig. 37.7). Each sarcomere 
consists, therefore, of an A hand in th e 
m iddle with halves of two I h anri<; nn. it*; D 
twasides, From each Z line, the actin fila¬ 
ments extend through the half of the I 
band and interdigitate with the ends of 
► myosin filaments in the A band. The 
* myofibril is encircled at each I band by the g 
cistemae and tubules of sarcoplasmic 
reticulum, and at each junction of A and 1 
bands by a T tubule communicating with 
the cell exterior. 

■According to ^LinrNrT filament Tl-lE- 
muscle contraction , the actin fila ¬ 
ments slide over the mvosin filaments to 
penetrate- deeper into the A hanH<j in iTiP 

c ontra^Q g ,^muscle fibr e.. This results 
’frmria bteakagTand rearrangement of the 
cross-linkages between actin and myosin 
filaments. When the muscle fibre is stimu- 
, lated, this.ATP is broken by the ATPase 
a ctivity of 1 myosin molecules . The cleav¬ 
age of ATP provides the energy for an 
interaction between actin and myosin fila¬ 
ments. This causes a rearrangement of 
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Fig. 37.7 Structure of muscle as revealed under the 
light and electron microscopes 
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the cross-linkages between the filaments. ACi 
In consequence, the thin actin filaments 
riwWipe per into theXband between the 
thic kmyosin filaments (F ig. 37.8). The Z_ 
linSrj imitmg the sarcomer e, a re drawn _ 
cRSer logether by the sHcfing actin fila- 
m'p-rvrn Wshortens the sarcomere; ^ s_aiT~ 
thfTsafc omeres of the myofibril are sho rt- 
ened - Sr®En£Pusly, the-myoiibriis and ' — 
pons yjuentfi Ttnemiu scle fibre,sM EEirQn 
rAntrsirtfon. "Because the train fitenieiits"" 
offtielbdnd pass deeperjnto the A band, 
the1 baads are -reduced considerably m 

Ip.nflfliThiit the. A hands c ontinue to 
ppmain nnrhanperi in length In Other 
wnrdsTthe sarcomeftTshortens because oT au^ 
thPQhnrtftninp ohts I hanrlc. I )nrinp relay- 
atjoBTrHTcross-TTnlcages between the fila¬ 
ments are rearranged again and the actin 
filaments slide out from the A band. This 
elongates the I bands, pushes the Z line 
away from each other and, consequently, 
lengthens the myofibril as well as the mus¬ 
cle fibre. , 

. Chemical Changes in Muscle Contraction 


Actin filament 
I Myosin filament 
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You may recall that ATP is the immediate 
source of energy for muscle contraction. 
So, the most important chemical change 
in the contracting muscle is the Hydrolysis 
of ATP to ADP and inoreari 
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Fig. 37.8 A diagrammatic illustration explaining 
the sliding filament theory (RL — 
Relaxed length) 

econverted to creat ine phosphate by th e 
Ising ATP generated. 


y _ farhnhydx ate oxidation : rATP 4 : 



. _ ATP- + creatine 

Although ATP is renlenish ed. creatine 
phosphate decreases i 
muscle. jj owever, d»rjng recovery imme 
diately after contraction, creati 


^Faiigut^ . 

n being repeatedly stimulated to con- 
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OXYGEN DEBT 

During strenuous exercise, the mus¬ 
cle does not get sufficient oxygen to 
meet its energy needs immediately. 
So, it contracts anaerobically and 
accumulates lactic acid produced by 
anaerobic glycolysis. During recov¬ 
ery, the oxygen consumption of the 
muscle far exceeds that in the resting 
state. The extra oxygen consumed 
during recovery is called OXYGEN 
debt of the muscle. It is used in 
oxidising the accumulated lactic 
acid aerobically and in restoring the 
depleted creatine phosphate and 
ATP in the muscle fibre. A small 
part of the oxygen debt also goes to 
supply oxygen to myoglobin which 
binds and stores oxygen for future 
use. Athletic training enhances the 
capacity for aerobic contractions. 
So, athletes incur far less oxygen 
debts during strenuous exercise than 
non-athletes. 


tract, the muscle fibres take progressively 
longer time to respond to the excitation, 
to develop tension during, contraction and 
also to compl ete relaxation ijf- 
^55traCtroT r~a!so]^^i"P < = prnflWCgiviMv 
Ultimately. iheTflims fa il to contract a t all 
for soi qe tim e. This is known as 
of . t he mu scle fibr e&r-It is caused by the 
(^accumulation raruT land othef 

ngsffin "die muscle due to pr olonged 
co ntractio ns hRing 
some time, the fatigue is removed and the 
muscle can contract again. 

\ncLMhte Muscle Fi bw 


The mammalian and avain skeletal mus¬ 
cles contain two major types of striated 


muscle fibres. Some of the muscle fibres 
are thinner, darker in colour and slower in 
contraction rates. They are called TS^T 
■^r edmusclefTbRES? Their darjcrST 
colour 7s due to The p resence 
heme-protein called m^ild^m lthi^ 
and stores oxygen as oxymyoglobin in the 
red fibres. OxymyogfStli p - relea st g^ xygen 
for utilisatiotTdufifigriiuscl e contrac tion. 

In addition, the re d musde^bres areverv 

r ich in mitQfi honHqa. Roth 
e ijaVle themto carry out considerable a er. 
obm oxidations. " Because they produce 
energy mainly 6y aerobic metab olism, 
they carry out ae robic contractions.with¬ 
out accumulating m uch lactic acid, So/the** 
red muscle fibres can go on contracting for 
prolonged durations without fatigue . The 
muscles which perform sustained work at 
a slow rate over a prolonged interval, are 
made mostly or wholly of the red muscle 
fibres. Extenso r muscles on the back of the 
humaiybody are very nch in the red m us- 
gteTibres; th e se muscles cont ume-HLgjs^- 
ta med contraction tor "maintaining the ** 
ff <giTrt posture against gravi ty. So me avian 
flightmuscles are red muscles; birds use 
these muscles tor prolonged slow*flying 
like tfie sailing of kites in the a ir. 

The s triafgdTngscle fibres oLa sec ond 
>e are'muclTthicker. lighter jja colour . 
p oo/erTa-mtigcnondria , freg of my? 
binana t asterm contra rtinn rptgs. The y’ 
depend mainly o aanaerobic alvcoi ksisTor 
energy production. So, they carry out 
anaerobic contractions, accumulate lactic 
- frrid in considerable amounfs during 
stren uous v wor k an d' sddrt geTtatigued. 
fKesfifiicHown a6>qiiiEJW^ ST4tus- 
^CtB-FlBREsAThey art specialisedfoTvSIT 

f ast anp s r Tpmim^ yjr,rWr,r a s hort inter¬ 
val. The muscles which perform fast and 
strenuous work for short intervals, are 
made mostly or wh olly of the wh ite mus-; 











LOCOMOTION 


cie fibres. The mmoles. for eyeball move- _ing l ike jth&t of a spar row, are white 

meets js£-very rig* 1 in white fibres. The muscles.. —- — - 

a^ainmghtmusslsijjsed in short fast fly- ““ 


SUMMARY 


Animals possess two forms of movements—locomotion and movements of body 
parts. Locomotion transfers the animal to more favourable environments. Move¬ 
ments of body parts help to maintain body posture, to collect information, to carry 
out prehension of food and to perform the activities of internal organs. Most animals 
have developed contractile muscle fibres for carrying out movements. In many ani¬ 
mals, muscle contractions move bones of the skeleton like levers to produce body 
movements. But many invertebrates lack the skeletal system. 

Locomotion of Hydra consists of movements resulting from contractions of 
epitheliomuscular and nutritive muscular cells in its body wall. In earthworms and 
leeches, muscular movements push the blood in the direction of propagation. This 
movement of blood serves to move the animal forward. In starfishes, muscular con¬ 
tractions drive water from their water canals to their tube-feet which consequently 
move to carry the animal over a surface. 

In higher animals, the skeletal system participates in movement and locomotion 
in association with the skeletal muscles. It also forms a supporting framework for the 
body, protects its softer internal organs, stores calcium and phosphorus, and houses 
the red bone marrow where the blood cells are formed. 

Bones articulate with each other at joints. Muscular contractions move the bones 
at the joints. At fixed or fibrous joints^ the articulating bones are firmly held together 
by the white fibrous tissue so that the bones are not allowed to move at such joints. At 
slightly movable or cartilaginous joints, the opposing surfaces of the articulating 
bones are joined by white fibrocartilage, allowing a limited movement at the joint. At 
freely movable or synovial joints, a slippery synovial fluid occurs in the space 
between the articulating surfaces of bones; its lubricating action permits consider¬ 
able movements at such joints. The synovial joints are classified into ball-and-socket 
joints, hinge joints, pivot joints, gliding joints and ellipsoid joints according to the 
movements they permit. 

The skeletal muscles are categorised into flexors, ex tensors, pronators, supinators, 
abductors and adductors according to the movements they bring about. The muscles 
which contract to produce opposite movements at the same joint are called antago¬ 
nistic muscles. When a muscle contracts to produce a movement, its antagonist must 
relax to allow that movement. 

For being stimulated, each muscle fibre requires a specific minimum intensity of 
nerve impulse or stimulus. This is called its threshold stimulus. A sub-threshold stim¬ 
ulus fails to cause any contraction of the muscle fibre. 

A single isolated contraction, caused by a single nerve impulse or electric shock, is 
called a muscle twitch. A continued stale of contraction caused by many rapidly 
repeated stimuli, is called a tetanus. 



When the muscle is stimulated, thin actin filaments of I bands slide over the thick 
myosin filaments to penetrate deeper into the A bands; the I bands as well a the 
sarcomeres shorten as a result, causing the muscle fibre to shorten also. This is the 
sliding filament theory of muscle contraction. During relaxation, actin filaments 
slide out again from the A bands, elongating the sarcomeres. 

During muscle contraction, ATP is hydrolysed to ADP to provide the required 
energy. It is promptly resynthesised from ADP by reacting the latter with creatine 
phosphate. But replenishment of ATP ultimately depends on the oxidation of glyco¬ 
gen and glucose in the muscle fibre. During muscle contraction, carbohydrates are 
broken down by anaerobic glycolysis, causing lactic acid to accumulate in the muscle. 
During recovery after contraction, the accumulated lactic acid is oxidised aerobically 
in the muscle fibre. On repeated contraction, the muscle fibre undergoes fatigue due 
to the accumulation of lactic acid and other changes in it. 

Red or slow muscle fibres are rich in mitochondria and contain myoglobin which 
stores some oxygen for use during contraction. They depend mainly on aerobic 
metabolism. This enables them to perform slow and sustained contractions for pro¬ 
longed periods without fatigue. While or fast muscle fibres are poorer in mitochon¬ 
dria, contain no myoglobin and mainly depend on anaerobic glycolysis. They 
specialise in fast and strenuous work for short intervals. Muscles such as antigravity 
extensor muscles are richer in red muscle fibres. Muscles for eyeball movements are 
richer in white muscle fibres. 


QUESTIONS 


1. Distinguish between: 

(a) Pronator and supinator. 

(b) Muscle twitch and tetanus. 

(c) Ball-and-socket joint and hinge joint. 

(d) Abductor and adductor. 

(e) Tendon and ligament. 

(f) Fixed joint and synovial joint. 

(g) White muscle fibre and red muscle fibre 

2. Match the items of Column A with those of Column B: 


Column A 

(a) Fixed joint 

(b) Fast muscle fibres 

(c) Tube-feet 

(d) Scapula 

(e) Slow muscle fibres 

(f) Actin filament 

(g) Epitheliomuscular cell 

(h) Freely movable joint 

(i) Sarcomere 

(j) Cartilaginous joint 


Column B 

(i) Myoglobin 

(ii) Synovial fluid 

(iii) Vertebrae 

(iv) Hydra 

(v) Lactic acid 

(vi) Z band 

(vii) I band 
(viii) T tubules 

(ix) Sutures of skull 

(x) Flat bone 

(xi) Starfish 



3. Explain the following terms: 

(a) Antagonistic muscles (b) Tetanus (c) Threshold stimulus (d) Sarcomere (e) 

■ Fatigue (0 Muscle twitch 

4. Mark the wrong item in each of the following series: 

(a) Sarcomere; actin filaments; myosin filaments; sarcoplasmic reticulum. 

(b) Pronator, ligament; adductor; supinator. 

(c) Hip joint; knee joint; ankle joint; elbow joint. 

(d) Shoulder joint; toe joint; ankle joint; intervertebral joint. 

5. Answer the following briefly: 

(a) How does the muscle shorten during its contraction and lengthen during its 
relaxation? 

(b) What biological functions are served by the skeletal system? 

(c) What types of muscle will be antagonistic to pronators and abductors 
respectively, and why? 

(d) Why a red muscle fibre can work for a prolonged penod while a white muscle 
fibre suffers from fatigue after a shorter work? 

(e) Where from the muscle gets energy for its contraction? 

6. Write briefly the biological importance of the following: 

(a) Myoglobin (b) Actin and myosin filaments (c) Synovial joints (d)Fibrousjoints 

(e) lactic acid. 

7. Fill in the blanks with correct words; 

(a) The skull bones are joined at the sutures by_lisssue while the 

bodies of vertebrae are joined by_tissue. 

(b) A_muscle rotates the forearm to turn the palm downward while a 

_muscle rotates the forearm to turn the palm upward. 

(c) _.muscle fibres store much oxygen in combination 

with_ 

(d) Contraction of a_muscle draws a limb towards the body 

midline while contraction of a_muscle draws a limb away„ 

from the body midline. 

(e) During the flexion of the elbow joint, the_ muscle contracts 

while the_muscle relaxes. 





CHAPTER 38 


CONTROL AND COORDINATION 
NERVOUS SYSTEM 



With the evolution of multicellularity, it 
became imperative to develop some sys¬ 
tem for coordinating the activities of nu¬ 
merous cells in the body. For such coordi¬ 
nation, information has to be exchanged 
between cells situated at a distance from 
each other; information has also to be re¬ 
ceived about changes in the external envi¬ 
ronment and then transmitted to the cells 
not immediately near the site of change. 
For coordination of other systems, the 
nervous system and the endocrine system 
have been developed. The first is made of 
ne urons which act byxono uctmg nefve~ 
i mpujseT The secon’d'cSi sIstroT'endb- 
cri ne glands which sec reteJiQnnpnes into 
t he bloo d. This chapter is devoted to the 
coordinating functions of the nervous sys¬ 
tem; the endocrine system discussed in 
the next chapter. 

The nervous system serves its coordi¬ 
nating role in several ways. It receives in¬ 
formation of changes in the external envi¬ 
ronment and analyses and interprets the 
information to produce sensations, 


like vision and pain. It forms and retains 
the memory of past information on its 
background for interpreting future infor¬ 
mation. It conducts information and mes¬ 
sages between different parts of the body. 

It stimulates or inhibits the activities of 
the muscles and glands to evoke responses 
to the received information. It also re¬ 
ceives information of changes in the inte¬ 
rior of the body and coordinates the activ¬ 
ities of visceral organs in the light of those 
changes; thereby, it helps to maintain the 
constancy of the internal environment id 
the body. Special senses such as vision, 
hearing, smell and taste are produced by 
the information received by the sense or¬ 
gans like eyes and ears, associated with the 
nervous system. 

In mammals, the nervous system con¬ 
sists of the central nervous system, periph¬ 
eral nervous system and autonomic nerv¬ 
ous system. The central nervous aa tem 
comprises the brain and the spinal cord. 
The peripheral nervous system includes!" 
nerves coursing betweenjhe,central nerv- 
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mis system and different na rts.o£the body. Brain 

'Vhe autonomic nervous syste m has coo - The brain is situated inside the cranium 
nections with the central nerv ous system the bones of which protect if from inju- 
but works somewhat independe ntly to ^ es - The human brain may be divided 
"regulat e the involuntary activities like ™^ )ra ^ n hindbrain, 


heart beat, peristalsis of intestine, etc. 

The Central Nervous System 
(CN System) 

The central nervous system consists of the 
brain and the sninal cord. The areas of the 
CN system where the cell bodies of the 
neurons 
tute the 

white and constitute the white matter of 
the CN system. The white matter contains 


The hindbrain continues into the spinal 
cord. 

In most parts of the brain, the grey mat¬ 
ter containing the nerve cells is situated on 
the surface while the white matter made of 
fibres is located deep inside the brain. 

The forebrain consists of the cerebrum, 
the largest part of the human brain (Fig! 



,Three deep and widefissures 
"each cerebral hemisphere into 


only nerve fibres crujsmgj rom ortothn. frontal, pa rietal, temporal and occipital 
nerve cells jnj he’grey matter . It look s -^j ohes rgg ^ - mR Y E k - 

upOufiJo the presence of (fSyelin) 0 f the <*re5rum. It is made of grev matter 

__J 4.U- _i.J _ a- -_*——T- “ : - »' . * „ 

and contains many layers of nerve cells. 
The nerve cells of different areas of the ce¬ 
rebral cortex differ in size, shape and 
functions; for example, the con ical- 
shaped, pyramidal cells ofthe motor area 
of the cortex-give rise to efferent fibers for 
controlling the skeletal muscle move¬ 
ments. The surface of each cerebral hemi- 
i n the subarachnoid space between the nia sphere shows man Y in volutions.c alled 
andarachnoid mater s. It also occupies the jGYjU ^singular: gyrus) separated by de - 
lumens^ of several intercommunicating p ressions , calle^ulOpThe gyri increase 

rofTKe c 


around the myelinated fibres. 

Both th e brain and the spinal cord are 
co vered bv thr ee connective tissue mem ¬ 
branes. T hese are called pia mate r, arach¬ 
noid mater j and dura mater, respectively, 
from within outward. Together they are 
known as meninges. An extracellular 
fluid, called cerebrospinal fluid occur s 


cavities, called cerebral ventricles inside 
the brain and the spinal canal running 
along the centre ofthe spinal cord. It af¬ 
fords some protection to the CN system 
against mechanical injury and shock. The 
exchange of materials between it and the 
neurons help in their nutrition and excre¬ 
tion. The cerebrospinal fluid serves to 
maintain a constant pressure inside the 
cranium in spite of fluctuations in the vol- 
,ume and pressure of blood in the cranial 
yessels. 


the surface areaof thecortex for accom¬ 
modating far more nerve cells in it. 

The cerebral cortex is the highest centre 
for many sensations and activities (Fig. 
38.2). The general sensory or 
so maesth etic area in the parietal lobe 
is theseatlorperception ofgeneral sensa¬ 
tions like-p am, tAiirh~Tn7rTpnTjgrffilre. 
The motor area in the frontal lobeconffols - 
the voluntary movements of the muscles;- 
The premotor area in the frontal lobes 
is the highest centre for involuntary move¬ 
ments of the muscles and for the \ 




Fig. 38.1 External features of human brain (diagrammatic) 


autonomic nervous system. The visual 
AREA in the occipital lobe is the centre for 
visual sensation. The auditory area in 
the occipital lobe is the centre for hearing. 
association areas in the frontal lobe are 
responsible for association between vari¬ 
ous sensations and movements. Memory, 
intelligence and judgement depend on the 
coordinated and integrated activities of 
the neurons of different cortical centres. 

HYPOTHALAMUS consists of number of 
scattered masses of the grey matter in the 
white matter at the base of the brain. It 
contains higher nerve centres for tempera¬ 
ture regulation, hunger, thirst and emo¬ 
tional reactions. It secretes 
neurohormones which control the secre¬ 


tions of anterior pituitary normones. It 
synthesises the posterior pituitary hor¬ 
mones and control their release into the 
blood. l 

The MIDBRAIN contains many groups 
of nerve cells (nuclei) scattered in the 
white matter. Some of these nuclei are in¬ 
volved in controlling the muscles tone and 
modify some motor activities initiated by 
the cortex. - . 

The hindbrain consists of a cerebellum! 
located dorsally and the brain-stem ; 
ventrally. The cerebellum like the cer?- " 
brum, has on its surface the cerebellai; 
cortext consisting of the grey matter and 
in its deeper central part, the medulla 

'■ : ■ /Ci 



Frontal lobe 


Parietal lobe 



Fig. 38.2 Cerebral cortex; Highest centres of many sensations and activities are located in this region of 
human brain. 


made of the white matter; there are also 
cerebellar nuclei made of the grey matter, 
scattered in the white matter. The cerebel- 
lum, contains centres for the maintenance 
of posture and equilibrium of the body 
and for the muscle tone. Cerebellum also 
modulates and moderates the voluntary 
movements initiated by the cerebral 
cortex. 

The brain-stem consists of pons varoli 
and medulla oblongata, the latter continu¬ 
ing into the spinal cord. The brain-stem 
contains centres for controlling many 

' fa 
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vegetative activities, e.g. respiratory cen¬ 
tres, vasomotor centres, salivary centre, 
etc. It also carries nerve tracts between the 
spinal cord and the higher brain 
centres. 

The nerves ari sina-from-differentjaarts 
of the brain are callejij^^ 

They wOTbe described in connection with 
the peripheral nerves. 

Spinal Cord 

The spinal cord is a cylindrical cord-like 
structure. It is situated in the bony canal 



formed by the serial arrangement of verte¬ 
brae. The spinal cord extends downwards 
from the brain-stem. The grey matter 
forms a column running along the central 
part of the spinal cord; the central spinal 
canal, containing the cerebrospinal fluid, 
runs along the central part of the grey mat¬ 
ter. The white matter forms an outer col¬ 
umn surrounding the grey matter at its 
centre. From the lateral sides of the spinal 
cord, spinal NERVES emerge and go to 
supply peripheral tissues. They will be de¬ 
scribed in connection with the peripheral 
nerves. 



Fig, 38.3 Transverse section of the spinal cord 
of man showing main regions 

In a cross-section of the spinal cord, its 
grey matter appears to be penetrating into 
the white matter in the form of horns 
(Fig.38.3). So, different areas of the grey 
matter are known as the dorsal, lateral and 
ventral horns according as they are locat¬ 
ed in the dorsal, lateral or ventral regions 
of the grey matter. 

Bundles of nerve fibres ascend or de¬ 
scend along the white matter of the spinal 
cord, Such a bundle of fibres, originating 
and terminating at similar sites, is 


called nerve tract. The ascending 
TRACTS conduct nerve impulseslVomth e 
spinal cora to tne Dram ; impulses are 
■Brought from the peripheral tissues by the 
in-coming spinal nerve Fibres and are then 
conveyed to the brain through these tracts 
to produce sensations. The descendin g 
tr acts conduct impulses from the brain " 
to different levels of the spinal cord ; im¬ 
pulses from their fibres are transmitted to 
ventral and lateral horn cells; axons of 
those cells conduct those impulses 
through the spinal nerves to muscles and 
glands. 

Peripheral Nervous System (PNS) 

The peripheral nervous system includes 
the nerves running outside the central 
nervous system. Each nerve is composed 
of many nerve fibres enclosed by a con¬ 
nective tissue sheath. A nerve fibre is a 
long axon or dendrite of a neuron. The 
nerve fibres are classified as myelinated 
and non-myelinated fibres according to 
the presence and absence of myelin sheath 
around them. 

The neurons and nerve fibres may also 
be classified depending on the direction of 
propagation of nerve impulses along 
them. Many neurons and nerve fibres con¬ 
duct nerve impulses from the centra l 
nervous system to the peripheral organs 
an a tissues. T hey ar e called efferent 
neurons and efferent nerve fibres, 
respectively. Many other neurons and 
nerve fibres conduct impulses from the 
peripheral tissues and organs towards the 
central nervous system. They are known 
respectively as afferent neurons and 
AFFERENT NERVE FIBRES. 

The neurons and nerve fibres may 
again belong functionally to two classes," 
Some of them conduct nerve impulses to 
the muscles and glands to stimulate or 




nerves. 


inhibit their activities. Many of these 
nerve fibres cause movements of muscles. 
So, such neurons and nerve fibres are 
known as MOTOR neurons and motor 
nerve fibres - respectively. The motor 
nerve fibres are the axons of motor neu¬ 
rons. The nerve fibres which reach nerve 
impulses to the eye muscles to control 
their movements, are motor fibres; so also 
are the fibres carrying impulses to the sali¬ 
vary glands and controlling their secre¬ 
tion. All motor neurons are efferent neu - 
rons becaus e they conduct imp ulses from 
t he LM system to the peripher al tissues, 
viz? muscles and glands. Other neurons 
and nerve fibres conduct nerve impulses 
from the peripheral tissues to the central 
nervous system to evoke sensations like 
touch, pain, heat, cold, taste, vision and 
hearing. They are respectively called SEN-^ 
SORY_NEURO NS and SENSORY NERVE 
HfiRES/fhey are all afferent in nature be- 
eSusefthey carry impulses from the pe¬ 
ripheral tissues to the central nervous sys¬ 
tem. Sensory nerve fibres, conducting 
impulses from the skin, evoke touch, tem¬ 
perature or pain sensations; those con¬ 
ducting impulses from the retina give vis¬ 
ual sensation. 

■ Each nerve carries many nerve fibres. If 
it contains only sensory fibres, it is called a 
SENSORY nerve. A sensory nerve con¬ 
ducts nerve impulses from peripheral tis¬ 
sues to the CN system to produce sensa¬ 
tions. If a nerve contains only motor 
fibres, it is called a motor nerve. Its sole 
role is to conduct nerve impulses from the 
CN system to some muscle or ’gland to 
control their activities. 

But some nerves carry simultaneously 
both sensory and motor nerve fibres. They 
are called mixed nerves and serve both 
,. sensory and motor functions. All nerves 
I arising from the spinal cord are mixed 


Spinal Nerves 

Two spinal nerves arise from each seg¬ 
ment of the spinal cord. There are 31 pairs 
of spinal nerves in man. Each spinal nerve 
is a mixed nerve, containing both sensory 
and motor nerve fibres and running be¬ 
tween the spinal cord and the peripheral 
tissues. Near the spinal cord, the motor 
and sensory fibres of each nerve separate 
from each other to form two roots of the 
nerve. These two roots connect the spinal 
nerve to the spinal cord, one ventrally (or 
anteriorly) and the other dorsally (or pos¬ 
teriorly). The ventral spinal nerve 
ROOT contains only motor or efferent 
nerve fibres; these are axons of the nerve 
cells located in the ventral and lateral 
horns of the spinal cord. The ventral root 
fibres emerge from the spinal cord in the 
ventral root and, subsequently, run 
through the mixed spinal nerve to the 
muscles and glands in the peripheral tis¬ 
sues. Many of the ventral root fibres go to 
skeletal muscle fibres directly, many oth¬ 
ers leave the spinal nerve, go to some auto¬ 
nomic ganglia and end in them. The dor¬ 
sal SPINAL NERVE root carries only 
sensory or afferent nerve fibres. At the 
middle of each dorsal root, there is a swell¬ 
ing called dorsal root ganguon which 
houses the cell bodies of the sensory fibres 
of that dorsal root. The dendrites of these 
nerve cells pass through the mixed spinal 
nerve, conducting impulses from the pe¬ 
ripheral tissues; they separate from the 
spinal nerve to enter its dorsal root and 
reach their cell bodies in the dorsal root 
ganglion; the axons of the dorsal root gan¬ 
glion cells enter the spinal cord through 
the proximal segment of the dorsal root. 
The dorsal root fibres bring impulses from 
the peripheral tissues, giving rise to sensa- 



tions like touch, temperature and pain, or 
to involuntary spontaneous activities, 
called reflexes. 

Cranial Nerves 

The nerves arising from different parts of 
the brain are called cranial nerves, Man 
possesses twelve pairs of cranial nerves. 
Table 38.1 gives the names, natures, dis¬ 
tributions and major functions of these 


cranial nerves. 

Nerve Terminations 

In the course of a nerve pathway, nerve 
fibres act in the form of relays. Each fibre 
terminates on some other nerve fibres 6f 
the pathway; at each such termination, 
nerve impulses have to be transmitted 
from the preceding fibre to the next fibre 
or fibres. In these cases, the axon of each 
neuron ends on the dendrite or the cell 


Table 38.1 

CRANIAL NERVES 


No. 

Name 

Fibres 

Organs Tnneroated 

1st 

Olfactory 

Sensory 

Olfactory mucosa in 
nose 

2nd 

Optic 

Sensory 

Retina of cve_ 

3rd 

Oculomotor 

Motor 

Eyeball muscles, ciliary 
muscles, tear glands 

4th 

JQfflcUfiW _ 

Motor* 

Eyeball muscle 

5th 

Trigeminal 

Mixed 

Skin, oraLmucosa, 
muscles-of-head, face, 
mouth 

6th 

™.-inrrp* —- 

Motor 

Eyeball muscle 

7th 

Facial 

Mixed 

Taste buds, salivary 
glands, faciahmd 
neck muscles 

8th 

Auditory 

Sensory 

Internal, ear 

9th 

Glossopharyn¬ 

geal 

Mixed 

Pharynx, tongue, 
salivary glands 

10th 

Vagus 

Mixed 

Pharynx, respiratory 
tract, heart, pancreas, 
alimentary canal, 
blood vessels 

11th 

Spinal accessory Motor 

Neck and shoulder 
mJRcles, thoracic and 
abdominal viscera,' 

12th 

Hypoglossal 

Motor 

Tpngue muscles 


Functions 


Smell 

Vision 

EyebalLpiovements 

E yeball mov ement 

Cutaneous sensation, 
muscle movements 

Eyebal l mov ement 

Taste salivation, 
muscls movements, 
tear secretion 
Hearing, e quilibriu m 
sense-r , v 
Taste, salivation 
swallowing 

Gastric and pancreatic's, 
secretion, cardiac / 
slowing, gastrointestinal / ^ 
movem ents. / , 

respiratQtyjeflexes, f 

vasomotor refle xes, I 

visceral reflexes 
Muscle movements, 
viscSral reflexes 

TongufijnoYements 



body of the next neuron. Such a junction 
between the terminations of two neurons 
is called a synapse and possesses 
specialised structure and properties. The 
nerve impulse is relayed across these syn¬ 
apses between successive neurons in a 
nerve pathway. 

In the peripheral tissues the axon of a 
motor neuron terminates on either a mus¬ 
cle fibres or a gland cell. When it termi¬ 
nates on a muscle fibre, a specialised 
structure called the MOTOR END-PLATE, 
occurs at the neuromuscular junction 
(Fig. 38.4). Nerve impulses are transmit¬ 
ted across that junction from the axon ter¬ 
minal to the muscle fibre. The dendrite of 
a sensory neuron, on the contrary, termi¬ 
nates in the peripheral tissue on a struc¬ 
ture specialised for receiving information 
about specific changes near it. This struc¬ 
ture at the sensory nerve terminal is called 
a RECEPTOR. 

Receptors 

An important function of the nerve fibres 
is to acquaint the animal with the changes 
inside the body and in the external envi¬ 
ronment. There are structures at the ends 
of the sensory nerve fibres for collecting 
information for this purpose. These struc¬ 
tures are called receptors. Some recep¬ 
tors are specialised cells near the termina¬ 
tions of nerve fibres, e.g. rod and cone 
cells in the retina. Some other receptors 
are specially modified terminals of the 
nerve fibre itself, e.g. Pacinian corpuscles 
in the skin. But even nerve terminals 
showing no apparent specialised form or 
structure may serve as receptors in many 
cases; they are called free NERVE END¬ 
INGS and are plentiful in the skin. 

Each type of receptor is sensitive to 
only a specific type of stimulus or change. 
There are different receptors for touch, 



Motor neuron 


Fig. 38,4 Motor end-plates at neuromuscular 
junctions 



As the chemicals stored in the synaptic vesicles help to transmit nerve impulses 
across the synapses, they are called neurotransmitters. A neuron is called ad¬ 
renergic or cholinergic according as it releases noradrenaline or acetylcholine 
as neurotransmitter at its axon terminals. 

Nerve impulses are always transmitted across a synapse from the axon terminals 
of one neuron to the dentrite/ cell body of the next neuron but never in the reverse 
direction. Since the neurotransmitter is present only in the axon terminals and not 
in the dendrite or cell body, it cannot be released from the dendrite or cell body 
even if the impulse reaches there. So, the impulse can never be transmitted from 
the dentrite or cell body of the next neuron to the axon of the preceding neuron 
across the synapse. This explains the one-way conduction. You may compare this 
to the relay race where the baton has to be transferred always from the first runner 
to the second because the latter carries the baton. 

Just as a change of baton slows the relay run temporarily, there is delay in the 
transmission of the nerve impulses at each synapse. This interval, called the SYN¬ 
APTIC delay results from the time taken in releasing the neurotransmitter and in 
stimulating the next neuron by it. 

The axon of a neuron may form synapses with several neurons; so, the nerve im¬ 
pulse from a neuron may diverge to several neurons at the synapse. Again, the 
axons of several neurons may synapse with a single neuron; this causes the impuls¬ 
es from all those axons to converge to a single neuron at the synapse. 

On repeated transmission of nerve impulses through a synapse, there occurs a 
temporary suspension of impulse transmission at the synapse. This is called syn¬ 
aptic FATIGUE. It results from an exhaustion of the neurotransmitter in the syn¬ 
aptic vesicles of the axon terminal. After some time, the neurotransmitter accu¬ 
mulates again in the synaptic vesicles and the synapse regains its ability to 
transmit impulses. ?; 

_ __ „ ___ / M 

I 

pressure, temperature, chemical substanc- transfer of baton takes place between two 
es, stretch, light, sound, runners in a relay race, 
osmoconcentration and painful stimuli. Synapses are formed between the axon 
The basic function of a receptor is to re- terminals of one neuron and the den- 
ceive a particular stimulus and convert it drites, the cell body or even sometimes the 
to the form of electrical potential changes axon of one or more neurons. There is no 
which then run along the associated nerve actual continuity between neurons at the 
fibre as nerve impulses. synapse. The axon of a neuron divides 

near its termination into many branches, 
Synapse each branch losing its myelin sheath be- 

Nerve fibres carry nerve impulses in a fore termination. These axon terminals of 
relay. A synapse is the junction between ■ a neuron then end in expanded feet-like 
two neurons, across which the impulse has forms on the dendrites or the cell body of 
to pass from one neuron to the next, ft another neuron; there is a narrow fluid- 
may be compared to the place where a filled space, called synaptic cleft, sepa- 



rating the membranes of the two neurons 
at the synapse. The axon terminal con¬ 
tains many membrane-bound vesicles, 
called synaptc VESICLE, in its cytoplasm. 
Within these vesicles, chemical substanc¬ 
es, such as adrenaline and acetylcholine 
remain stored. When a nerve impulse 
passes the axon terminal, its synaptic vesi¬ 
cles release their stored chemicals to the 
synaptic cleft. These diffuse through the 
cleft to reach the membrane of the next 
neuron, and stimulating the latter. This 
causes the nerve impulse to be transmit¬ 
ted along the next neuron. 

Motor End-Plate 

You may recall that efferent or motor 
nerve fibres supply muscle fibres. The 
axon of the motor neuron divides into 
branches as it approaches the muscle 
ig fibres. Each branch loses its myelin sheath 
I near its termination and ends in an ex¬ 
panded foot-like form which is applied 
closely to a muscle fibre (Fig. 38.4). Like 
synapse, here also there is no actual conti¬ 
nuity between the neuron and the muscle 
fibre—the membranes of the two are sep¬ 
arated from each other by a very narrow 
cleft-like fluid-filled space. Where the 
axon terminal is applied to the muscle 
fibre, the latter forms a specialised struc¬ 
ture, called the motor end-plate. 

Nerve Impulse 

in the resting nerve fibre, the cytoplasm 
just beneath its membrane is electronega¬ 
tive relative to the layer of extracellular 
fluid (EOF) just outside the membrane. If 
the two sides of the membrane are con¬ 
nected to a galvanometer, the inner side is 
seen to possess a negative potential of 
about - 80 mV relative to the outer side. 
This is called the RESTING membrane po¬ 
tential. This results from two factors. 
On the one hand, the resting membrane 


has only a poor permeability for Na + al- 
though it has a higher permeability for 
K.\ On the other hand, the membrane 
carries a sodium pump; this actively car- 
ries three Na + ions from the cell to the ex¬ 
terior and in exchange transfers two K + 
ions from the ECF to the cell interior, 
These two factors, coupled together, result 
in a higher concentration of cations just 
outside the membrane compared to the 
concentration of cations just inside it. 
T his state of Ihe re sting membrane-is 
called polarised STATf'- andjmakes it&- 

im^rsjrig to.its outer si 

A minimum strength of stimulus, 
called THRESHOLD STIMULUS, must be ap¬ 
plied to the nerve fibre to stimulate it ef¬ 
fectively. When the nerve fibre is effec¬ 
tively stimulated, its resting membrane 
potenti afundergoes a change—t he in ner 
side of tTirme'mbrarie now bec omes eleo -. 
tropositive to its outside. This potential 
change, called- ^TlON^ EQIENIlAL, is 
propagated along the membrane of the 
nerve fibre as the nerve impulse. How 
does this action potential originate? Stim¬ 
ulation of the fibre immediately enhances 
manifold its membrane permeability to 
Na+; so, Na f ions diffuse across the mem¬ 
brane from the ECF where their concen¬ 
tration is higher, to the interior of the fibre 
where the concentration is much lower. 
But the membrane permeability to K + 
starts rising somewhat later only, so there 
is no simultaneous rise in the outward dif¬ 
fusion of K + from the cell interior having 
a higher K + concentration to the exterior 
with a lower K. + concentration. These ef¬ 
fects lower the overall cation concentra¬ 
tion outside and enhance that inside the 
membrane. The ^mem brane is thus 
DEPOLARI SED, with its jBterio^bfi£SmiP| 
eleEtro gnsitive to th eles46ftef. 

“ How is the nerve impulse conducted 
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You can record the action potential 
by introducing a microelectrode in¬ 
side the fibre, placing another elec¬ 
trode on the body wall, and connect¬ 
ing them to a recording instrument 
like the cathode ray oscilloscope. 

The membrane potential first rises 
sharply from about -80mV to 
about +60mV and almost immedi¬ 
ately declines sharply to about +20 
mV; these changes produce a spike- 
. like record called the SPIKE POTEN- 
, tiaL. The spike is followed first by a 
slower decline in the potential (NEG- 
ative after-potential) and then 
by a potential more negative than 
, the resting potential (POSITIVE 
after-potential). The potential 
then gradually returns to the resting 
value. These changes travel along 
the nerve fibre with the flow of the 
impulse. 

a i* l f il l e r. I.... . 

along the nerve fibre? At the point of stim¬ 
ulation, the membrane of the fibre is 
depolarised with it^oute r and in ner sides 
tu rning reswctivelv ^rectroaegaUve^and-. 
ele^^psffiveT’^Qnsequeiitly, cations 
diffuse through the Cytoplasm from the 
electropositive inner side of the 
depolarised part of the membrane to the 
electronegative region beneath the next 
inactive and polarised membrane; simul¬ 
taneously, cations diffuse through the ex¬ 
tracellular fluid from outside the 
polarised part to the electronegative area 
outside the depolarised membrane. This 
flow of ions depolarised the next inactive 
part of the membrane, producing the ac¬ 
tion potential there. Repetition of this 
preeess-qiakes the action potential Aom l 
oawaids_M~Ttig~ti6plorisation p roceeds 
aloagjhTmembranel 


In hon-myelinated fibres^, these ionic 
change's are repeated oyer the membrane 
all atong'fhe length of the fibrersb,lhe ac- 
tiotrpotehtiaTflows alFafong the mem¬ 
brane over the entire length of the fibre. 
But in Jmyjlinaled Jibres, -these ionic- 

chan ges^ a nd .the_consequ ent 

dep6larisation_can take place only at the 
\ nodes of RanvieiLfire efrbnn mvelinsheaTh— 
Decause the myelin sheath between the 
nodes insulates the fibre and prevents its 
depolarisation. So, th e action potential in 
ef fect jumps from one node t o tfie-next^- 
This is callet lStAITaTORY CQ^DUCTm of 
nerve impulses. Because of this, nerve im¬ 
pulses do not have to run all along the 
myelinated nerve fibre. This is whv ner ve 
impulses are cpnducted„farjnoEe-rapidly 
in m yelinated fibres t han in_non¬ 

myelinated ones. _ 

. Thevelocity of nerve impulses depends 
n ot only on m velination but also on the 

. in" a thinneffibre than in a thicker one. In¬ 
vertebrates" like ^LM^J possfiSiZnon. 
myelinated fibres only, so they must pos- 
sess very lhicknervefi bres for conducting"^ 
impulses rapialyTo distant parts like the 
long arms of squids. Giant squids, there¬ 
fore, have very thick nerve fibres. But 
with the evolution of myelination, im¬ 
pulse velocity has increased manifold 
even in the thin fibres of vertebrates. This 
removes the necessity of having inconven¬ 
iently thick fibres in an animal with long 
limbs. 

Reflex 

Spontaneous involuntary activities, 
evoked by the stimulation of receptors, 
are called reflexes. You may define a re¬ 
flex as a spontaneous, involuntary, nerve- 
mediated activity produced at the uncon¬ 
scious level by stimulating specific 
receptors. 
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Each reflex is produced by the flow of 
nerve impulses along a specific nerve 
pathway called reflex arc (Fig. 38.5). 
The reflex arc comprises some specific re¬ 
ceptors, afferent neurons from them 
to the CN system, efferent NEURONS 
from the latter to specific muscle fibres or 
gland cells, and a varying number of con. 
nector or intermediate neurons con¬ 
ducting impulses from the afferent to the 
efferent neurons. A specific stimulus must 
be applied on a specific group of receptors 
to elicit the reflex. Stimulation of the re¬ 
ceptors initiates a nerve impulse along the 
afferent neuron connected to them. The 
nerve impulse flows along the afferent, 
connector and efferent neurons to reach a 
muscle or gland, called an effector for that 
reflex. This produces e: her a movement 
of the muscle or the secretion of the gland 
as the effect of the reflex. 

Impulsesr-aa-fla wonlv in a single dire c- 
tion in a reflex arc, viz. afferent —> 
-c9Baectofc-> efferent, beca use'e ach svn- 
aps e in a reflex~arc'allows impulses to 
crossi iimaitifl le di r e ct loE-So. a reflex re¬ 
sponse can never be elicited in the recep¬ 
tors by stimulating the effector or the ef¬ 
ferent neuron. 


Repeated elicitation of a reflex may 
suspend the reflex response for some time 
because synapses of the reflex arc suffer 
from fatigue^ 

Unconditioned and Conditioned Reflexes: 
Some reflexes can Revoked eve n im^ 
djatdy afteUucfc and ne’ed no previous 
encounter .with .t he stimulus exciting it, 
Taste of food causes salivation even iff a 
new-born baby, or even though the baby is 
tasting that food for the first time. The 
pupil constricts even if the eye is illumi¬ 
nated with bright light just at birth. Such 
reflexes are called unconditioned pR ru. 
BORN REFLEXES. The stimulus for such a 
’“reTteris an unconditioned stimulus. 

If an a nimal sees or smells some food 
hitherto unknown to it, for the first time, 
jtjjbes n ot sa livate, But if it sees and 
smells the~foo<Tevery time before tasting 
it, aftfer several trials it starts salivating re- 
flexly. The foreign or indifferent stimulus, 
viz. the sight or smell of food, now be¬ 
comes a stimulus for eliciting the reflex 
because repeated associations between 
the indifferent stimulus and the original 
unconditioned stimulus (i.e. taste of food) 
have conditioned the nervous systeih to 
expect the unconditioned stimulus to’fol- 



Fig.38.5 Reflex arc—a minimum nerve circuit between stimulus and response 
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low shortly. Such a reflex, acquired after glands. These preganglionic and postgan- 
birth by applying an indifferent stimulus gHonic fibres and the autonomic ganglia 
before or along with the stimulus for an in- together constitute the autonomic nerv- 
born reflex, is called a cqnditioned or - ous system (AN system). Postganglionic 
acquired RjEFLEX. Tfie stimulus which autonomic fibres conduct impulses to 
haTnow acquired the capacity to evoke smooth muscles and glands only when the 
the reflex, is called conditioned STIMU- CN system sends impulses through the 
LUS. The sight or smell of food is a condi- preganglionic fibres. Moreover, the AN 
tioned stimulus for salivation. system is ultimately regulated by higher 

nerve centres of the brain. So, the AN sys¬ 
tem is far from possessing full autonomy 
or complete independence from the CN 
system although the word 'autonomic’ im¬ 
plies its autonomy. 

The autonomic nervous system is di¬ 
vided anatomically as well as functionally 
into two divisions—the sympathetic and 
the p arasympatheti c nervous "systems. 
Each possesses its own set of pre-and post 
ganglionic fibres and ganglia. But whereas 
the sympathetic nervous system, as you 
will presently read, is consolidated into a 
visibly distinct anatomical entity, the par¬ 
asympathetic system does not possess 
such visibly consolidated Form. T he ore- 
The Autonomic Nervous System gan piiamrr-fi Krt^m^the s ymp ath etic § ys- 

Movements of skeletal muscles are regu- tern emerge from the thoracic and lumbar 
latedby nerve fibres directly from the CN spinal segments; so,_thcsefibres form the 
system. But the activities of the visceral \ THORACICO-LUMBA R-OUTFLOW. In con- 
organs are coordinated through the regu- trast, preganglionic _ paras ympathetic 
lation of their smooth muscles and glands fibres emerge from the brain andthesa- 
by the nerve fibres of the autonomic or cral spi nal segm ents; so, they^constitute 
visceral nervous system. Some motor th^j craniclsaCRaL outfEOW^ 
nerve fibres, ^giergjng frf>m ^ CN_sys= The "STRIPAThetic Fi rvous system 
tftiji pass to auton omy-ganglia which (Fig. 38.6) possesses tw o lateral chains of 
are swollen, bulbous structures containing ganglia, one on ekch side of the spinal 
the cell bodies of many neurons. The_ cord. Each chain is made up of many later- 
i\ervf! fib res, thus enleri ng - t he- auton omic-, al ganglia, connected serially by nerve 
ganglia^__are called p reganglionic fibres running between them. The pregan- 
fibres; th^Jteminiaate^ly.napsing with bionic sympathetic fibres are axons'oflat- 
the nerve cells jp the - a u t ou nmie gangfi a: eral horn cells of thoracic and lumbar spi- 
The axons of these ganglion ce lls emerg e nal segments. Each pregangliorfic fityre 
from the ganglia as P 0 STGA'f?GUQi^ ir leaves the spinal cord through the ventral 
FiBRES^and' supply smooth muscles and spinal nerve root, emerges from the spinal 

’ ' 


\j p p^vl°v. foe famous Russian neu- 
rcpKyisii^ist, discovered and ex¬ 
perimentally established coridf- - 
tioned - reflexes "'in "animals. "He 
sounded Tgottg every "time before he 
gave some meat to his dog to eat. 
After several repetitions of this act, 
the dog was found to salivate with 
the sounding of the gong even when 
the gong was not followed by food. 
The sound of gong became a condi¬ 
tioned stimulus for the salivary re¬ 
flex of the dog. 
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Parasymoalhetic system 
Cramo-sacral— generally slows C N S 


Salivary gland secretion accelerated 


Bronchioles constricted 


Stomach, muscle action 
accelerated 


Sympathetic system 

Thoraco-lumbar— generally 
' accelerates 



Salivary aland secretion 
o inhibited 


Heart rate accelerated 

Bronchioles expand 


Stomach, muscle action 
slowed 


Gonads 


Gonads 


Fig. 38.6 Central and Autonomic Nervous Systems of Man 

(CNS ** Central nervous system; CN * Cranial nerve). 
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nerve and, after a short course, enters a 
ganglion of the lateral sympathetic chain. 
The fibre branches inside the latter and its 
branches end in several ganglia, synapsing 
with their ganglion cells. The postgangli¬ 
onic fibres are the axons of those cells and 
are much longer than the preganglionic, 
ones. Postganglionic fibres emerge from 
theganglia, course back to re-enter the spi¬ 
nal nerve and run through the latter to the 
tissues. Some preganglionic fibres, how¬ 
ever, pass through the lateral ganglia with¬ 
out terminating there; instead, they 
emerge from the lateral chain, pass to 
some isolated ganglia nearer to the tissues 
and away from the chain, and end in those 
ganglia. Such ganglia are called COLLAT¬ 
ERAL GANGLIA; postganglionic fibres from 
them supply peripheral tissues. 

The PARASYMPATHETIC NERVOUS SYS¬ 
TEM (Fig. 38.6) consists of parasympathet¬ 
ic ghnglia situated very close to the periph¬ 
eral tissues. They are Qot_interlinked with 
each nthp.r to form any chain of ganglia . 
Preganglionic parasympathetic fibres are 
axons either oflateral horn cells of sacral 
spinal segments or of nerve cells situated 
in the midbrain and the brain-stem. They 
emerge from the CN system, run a long 
course towards the peripheral tissues and 
terminate in individual ganglia near those 
tissues. Postganglionic fibres are the 
axons pllhe. ganglion cells. They termi¬ 
nate in smooth muscle .fibr.es or. glands, 
after a short course. Unlike the sympa.- 


muscles and ciliary muscles in the eyes. 
They also innervate glands such as gastro¬ 
intestinal, salivary, pancreatic, tear and 
sweat glands. The sympathetic and 
parasympatheitic autonom ic nervous sys¬ 
tems are often anta popistin) in. their ac-"^ 
.tions . For example, sym pathetic nerves 
enhance the f orce and the rat e pf h^artl .. 
beats,TonstficfTHOSirl5l5pd vessels, raise 
die ar terial bloo Oiressure. jtiigjgrjjjgi 
pupil , reduce ga strointest in al movem ents^., 
andlrelax the urinary bladder. Barasvn ma- 
fKetic nerves, T5n~the contrary" de crease 
b oth the ra te and the"force oT heart beats7~ 
dilate ma ny b lood vessels, lower the b lood 
pressure^ constrict the pupil, inc rease gas-, 
troihtesti nal movements, and c ontract the!. 
u rinary bladder./ A b alance - between t he 
sympathe tic and the parasympathet ic ac- 
tions helps to maintain constancy of ih e 
inte rnal environ ment of the body. For ex¬ 
ample, a balance betweenTBeYctions of 
sympathetic and parasympathetic nerves 
on the blood vascular system maintains 
the normal heart rate, cardiac output and 
arterialJtilQnilpressurc. 

gyfnpathetic nerves stimul ate the adre - 
naPgiands.to seeret ^arenalme^ Postgan- 
glionic sympathetic TmreTl^toUlsSljLAD---- 
i\£NERGjc, i.e. they ^ release—the 

neurotransmitter^oxadrei iaJine^ at their 
tqfmtnationsTso, sympathetic nerves act 
with tEe'TSdrenals as a well-integrated 
sympathetieo=ad renal syste m— having 
widespread effects. Moreover,- each pre- 


thetic.avs.tem. pregnaoglioni c parasympa- ganglionic syrn^thetic fibre, you may re- 
theti c fibres gr g' jniich longer th an the , call, transmits'nerve impulses to many 
pastganglionicones^andTeacH’ofthem ter- postganglionic fibres arising in several 
minutes in a single ganglion instead of giv* ganglia. So, sympathetic nerves simulta- 
ing branc hes to several ganglia. neously affect many organs and tissues to 

Autonomic fibres innervate the smooth produce widespread and coordinated ef- 
muscles on the walls of the blood vessels, 
gastrointestinal tract, respiratory tract, re¬ 
productive tract, urinary bladder, iris 


fects,. - 

(sympathetic 


s^* enables the 
cenaTsvstem to play im- 
coiinbating emergencies 
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In contrast, a preganglionic parasympa¬ 
thetic fibre synapses with postganglionic 
fibres in a single ganglion; its impulses are 
thus ultimately transmitted to only a spe¬ 
cific organ or tissue. This localises each 
parasympathetic action to limited areas, 
mostly to a single organ or a close group of 
organs. The paras ympathetic nerv ojqs-sys- 
tem is m ore - coEcerned lrTmaintai ning 
da5o£gelatj ye activities. F or example, 
the pa rasympatheticlTbrei o f the- iramis 
n erve ftfTe te nth crani al) s timulates aMric 
and pa ncreatic sScretions an d gastrpintes;_ 
final-mov em ents 40 - help digestion;'pa ra.- 
sympathetics oflbe-p ahticnerve stimulate 
bladder contracti ons for vo iding.urine. 
^-c ontrast, to^m mraqgttamdionic 
sy mpathe ticsv go^gaaa ta.^ 
thaticTIBres are'C HOLiNERoTc-^ they lib¬ 
erate ai^yM3me-at fheir endings for the 
transmission of nerve impulses. Pregan¬ 
glionic fibres of both sympathetic and par¬ 
asympathetic systems are cholinergic. 


Special Senses 

Special senses include the senses for vi¬ 
sion, hearing, smell and taste. Organs for 
special senses are the eyes, ears, nose and 
tongue. 

Vision 

The eyes are the sense organs for vision. 
They contain receptors called PHOTORE¬ 
CEPTORS, viz. rod and cone cells, which 
convert the energy 6f specific wavelengths 
of light into action potentials of nerve 
fibres. 

The HUMAN eyes are located in the 
bony orbital cavities and are cushioned in 
fatty connective tissue. The wall of each 
eyeball is made up of three concentric lay¬ 
ers (Fig. 38.7), An opaque, fibroblastic 
capsule, called sclera, and a transparent 
layer, called cornea, form respectively, 


the posterior five-sixths and the anterior 
one-sixth of the outer layer of the eyeball, 
Stri ated mus cl e fibresj or eyeball move- 
xned^ar^ 1 tBSBK^ mSLlK^eWa-; 
fibres of the < ^LnV'4§raBd~4th. cranial 
neiY^s controfthem to-move-fiie eyeball ' 
for looking at different-direetionsIiLight t 
enters the eye through the transparent cor- l 
nea; due to its curvature, the cornea ' 
roughly focuses a real inverted image of ! 
. visual objects almost on the light-sensitive 
inner layer or retina. The middle layer 
consists of the choroid, the ciliary body 
and the iris. The choroid is a highly vas¬ 
cular pigmented layer separating the scle¬ 
ra from the inner layer of the eyeball. It is 
connected in front to a thick structure, 
called ciliary BODY. The latter contains 
smooth muscle fibres constituting CILI¬ 
ARY MUSCLES and throws folds, called cili¬ 
ary processes, into the eye chamber. 
Thread-like suspensory ligaments extend 
from the ciliary body and get attached to 
the equatorial edge of a biconvex trans¬ 
parent LENS. The latter is an elastic struc¬ 
ture made mainly of non-nucleated, trans¬ 
parent and elongated cells. A pigmented, 
muscular, opaque diaphragm, called iris, 
extends from the ciliary body in front of 
the lens. It can be seen as a black screen 
through the comea and has a small central 
aperture, called PUPIL. Light passing 
through the comea enters through the 
pupil to fall on the lens behind it; the lens 
then focuses the light to form a sharp, 
well-defined, real, inverted image of the 
object on the retina. The iris has two sets 
of smooth muscles arranged circularly 
and radially around the pupil; the pupil is 
respectively constricted and dilated by 
their contractions to reduce and increase 
the amount of light falling on the lens. The 
inner layer of the posterior two-thirds of 
the eyeball consists of a light-sensitive 
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Fig. 38.8 Structure of retina in a sectional view (diagrammatic} 

wavelengths ranging from \38(Mo 7$ Q\room illuminated briglitly with electric 
nanometres, RODS ajs .seasifegeven to limps. Animals, like sparrows, which are 


dim light a nd consequently enable us to 
see in dim light and at night. They contain 
a purple-coloured nho toxensitive _n ie- 
ntfipt, called rhopopsin. formed from vi¬ 
tamin A. Many nocturnal animals, like 
owls, have only rods or mainly rods as 
photoreceptors in their retina; this en¬ 
dows them with a high ability to see in the 
darkness. You may recall that the vitamin 
A deficiency causes night-blindness in 
man because rods-canpot function if rho- 
dopsin is not synthesised from vitamin, A. 
Rods, however, caaflot- h o lp -tr acoing - ool 
oursaj dov must have noticed that a red 
flower looks black in the evening; this is 
because only rods function in such dim 
light and they possess very little sensitivi- 
tyjored light. 

■cSggS^sensiii ye to briahtli ghinnlv. 
So, they help us to see in day light or in a 


active only in^ay time, have only or most¬ 
ly cones in their retina and possess poor 
night vision. Cones ar e also r esponsible 
for th e percept ion_of colours. Like rods, 
cones also contain nolePcoIoured photo¬ 
sensitive pigment such as \jogopslm \ 
Specific light wavelengths'cause'photo- 
chemical changes in the cone pigment. 
This stimulates the cone from which a 
nerve impulse is transmitted through the 
optic nerve fibres to the brain. 

Human beings, apes, monkeys, birds, 
lizards, turtles and some fishes possess 
colour vision. But most domestic mam¬ 
mals and sharks do not possess colour vi¬ 
sion. The visible range of spectrum varies 
among animals—bees, for example, can 
see ultraviolet light, which is invisible to 
man. 
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For proper vision light rays from a vis¬ 
ual object must be focused sharply and 
precisely on the retina. In the resting 
eye, the ciliary muscles remain relaxed, 
keeping the suspensory ligaments 
stoutly stretched; the stretch by the sus¬ 
pensory ligaments flattens the elastic 
lens to reduce its curvature. The lens in 
this resting eye focuses paralled rays 
from distant objects (more than 6m 
away) on the retina. But a reflex, called 
accommodation, is needed to in¬ 
crease the power of the lens for focusing 
divergent rays from near objects on the 
retina. In this reflex, the parasympa¬ 
thetic fibres of the third cranial nerve 
cause contraction of the ciliary mus¬ 
cles; this slackens the suspensory liga¬ 
ments and reduces their stretching ac¬ 
tion on the lens (Fig. 38.7). The lens 
consequently increases its curvature 
due to elasticity and its power is en¬ 
hanced. It can now focus the divergent 
rays on the retina. In some animals, like 
fishes, accommodation for near objects 
is brought about by elongating the eye¬ 
ball instead of increasing the lens 
curvature. 


Bearing 

The ears are the sense organs for hearing. 
The ear consists of an external ear, a mid¬ 
dle ear. and an internal ear. It houses re¬ 
ceptors for both hearing and body equilib¬ 
rium. Sensory hair cells in thfc cochlea of 
the internal ear serve as AUDITORY RECEP¬ 
TORS for hearing. They convert the energy 
of sound waves into action potentials of 
nerve fibres. The hair cells in other parts 
of the internal ear serve as receptors for 
postural changes, acceleration and change 
of orientation of the body in space. Thus, 


the auditory part of the ear is restricted to 
the external ear, the middle ear and the 
cochlea of the internal ear; other struc¬ 
tures of the internal ear are concerned 
with posture and equilibrium. 


Eyes, capable of focusing the images of 
objects, are possessed only by verte¬ 
brates and some higher invertebrates 
like prawns, crabs and insects. The 
anatomy of the eye differs widely in 
these animals. For example, prawns, 
crabs and cockroaches possess COM¬ 
POUND eyes, each made up of many 
elongated tube-like units, called omma- 
TIDIA. Ommatidia are crowded over a 
spherical surface. Each focuses the light 
from a small area of the object so that a 
mosaic of a large number of images of 
the adjacent areas of the object are 
formed by numerous ommatidia. A fu¬ 
sion of these images may produce a 
composite blurred image of the object. 


In man, the external ear consists of 
an immovable cartila ginous ear-lobe o r 
PINNA, and an external auditory canal'’ 
leading Inwards from it through cranial 
bones (Fig. 38.10). The pinna is somewhat 
funnel-shaped. It collects and directs 
sound waves into the external auditory 
canal. The pinna is much larger and mov¬ 
able in many mammals like cattle, dogs, 
cats and elephants; there 1 it serves its pur¬ 
pose much better by being directed to¬ 
wards the source of sound like the radar 
antenna. The external auditory canal ends 
at a delicate membranous diaphragm, 
called eardrum or tympanic' mem- 
-BRANE. The middle ear is an air-filled 
chamber on the other side of the ear-drum 
and inside the cranial bone. Its cavity 
communicates with that of the pharynx 
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refractive ERRORS of the eye are quite common in man. myopia or short¬ 
sightedness results from either an abnormally long eyeball or an abnormally high 
curvature of the lens. It results in the focusing of parallel rays from distant objects 
in front of the retina instead of on the retina (Fig. 38.9). It is corrected by specta¬ 
cles with biconcave lenses which diverge the parallel rays before their entry into 
the eye; this brings the rays to a sharp focus on the retina, hyperopia or hyperme- 
tropia results from either an abnormally short eyeball or an abnormally low con¬ 
vexity ofthelens. It results in the parallel rays from distant objects getting focused 
beyond the retina. It is corrected by using biconvex lenses which supplement the 
refractive power of the eye lens to focus the parallel rays on the retina, astigma- 


Normal Bye 



Farsighted 


TISM results from the difference in curvature between different meridians of the 
cornea. Light rays passing through different meridians of the cornea suffer differ¬ 
ent degrees of refraction and are consequently focused at different points, blurring 
the image. It can be corrected by using cylindrical lenses in specific meridians to 
make the refraction identical in all meridians, presbyopia results from a reduc¬ 
tion in the elasticity of the lens with age, particularly above 40. It leads to a failure 
of accommodation for viewing near objects. It is corrected by using convex lenses 
for near vision. 

cataract is an opacity of the lens. It is caused by the denaturation of lens pro¬ 
teins due to various causes. It results in the loss of vision and is corrected by the 
surgical removal of the opaque lens and the use of spectacles with convex lens. Di¬ 
abetes may cause cataract even at an early age. Modern treatment of cataract com¬ 
prises introduction of an artificial lens surgically into the eye. 


External auditory canal 



Fig. 38.10 Structure of human ear (sectional view) 
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through an air-filled tube, called EIIST^ . receptors are located on the basilar mem- 
CHIAN TUBE. T heja tter m aintainsthebaF br&ne all along its coiled coursetoJorm 
a npe in air pressure bet ween.-two-sides of the ORGAN OF CORTI. The endings of audi- 
the eardrum "and thus^Uows4t-te-vibrate tory nerve fibres are associated with these 
freeT fwlien~s5 und wav es imp inge-on it. auditory hair cells. 

There are threesmall bones, called AUDI- The ear detects a sound, locates its di- 
TORY OSSICLES, in the cavity of the middle rection, estimates its loudness and per- 
ear. Of the ossicles, the hammer-like MAL- ceives its pitch (frequency). The human 
LEUS is attached, on one hand, to the ear- ear can hear sounds of pitches ranging 
drum and articulates, on the other hand, from 16 to 20,000 cycles per second. But 
with the anvil-like INCUS; the latter articu- bats produce and hear ultrasonic sounds 
lates in turn, with.the stirrup-like STAPES of pitches far above the human audibility 
the foot plate of which is attached to the limit, for navigation during flying. Sound 
membrane over an oval window between waves reach the ear-drum through the ex- 
the middle and the internal ears (Fig. ternal auditory canal and vibrates the ear- 
38. 10). The auditory ossicles transmit the drum. The vibrations of the latter are 
sound-induced vibrations of the ear-drum transmitted by the auditory ossicles to the 
to the fluid endolymph filling the inter- oval window (fenestra vestibuli) and 
nal ear. The internal ear is made up of a thence the endolymph inside the scala 
BONY LABYRINTH and a MEMBRANOUS media. The resulting vibrations of the en- 
LABYRINTH. The bony labyrinth consists dolymph cause a specific segment of the 
of several bony cavities and c&naie-fifted—basilar membrane to' vibrate by reso- 
with a fluid. called$ERlLYMPH.(ln this nance. This stimulates the hair cells over- 
perilymph inside the bony labyrinth, the lying that segment. Nerve impulses are' 
membfanous-labyirinth-iloats. The latter conducted by auditory’ nerve fibres from 
consists qf^several jiiembranous canals those hair cells to the brain and, ultimate- 
and sacs, all fille dwith the, en rinlymph. ly, reach a specific area of the auditory 
The bony labyrintlfhasthree bon^_§£MI- cortex depending on the membrane seg- 
CIRCUJLAR CANALS, an irregularly shaped ment affected. The pitch of the sound is 
bony cavity, called VESTIBULE and a conch perceived according to the area of the au- 
shell-like coiled bony tube, called COCH- DitORY CORTEX receiving the nerve im- 
lea. The membranous labyrinth has three pulses. The loudness of the sound is per- 
membranous semicircular canals, a coiled ceived by the rate of nerve impulses 
membranous tube inside the cochlea, and reaching the auditory cortex, 
two sacs, called utricle and saccule in¬ 
side the vestibule. The membranous semi- Smell 

circular canals, utricle and saccule carry Smell or olfaction, like taste sensation to 
hair cells acting as receptors for accelera- be described later, is evoked by specific 
tioo, postural changes and change pf ori- chemical substances stimulating the re- 
entation. The membranous cochlea, also ceptors concerned. The nose may be 
called scala media, is filled with endo- called the sense organ for olfaction. Re¬ 
lymph and has a spirally coiled basilar ceptors for smell occur in a modified form 
membrane forming one of its walls. Sev- of pseudostratified epithelium covering a 
eral rows of hair cells serving as auditory part of the nasal mucosa (Fig. 38,11). This 
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epithelium is called OLFACTORY EP1THELI- 
UM. It lines the surface of only a small area 
(about 5 cm 2 ) in the roof of the nasal cavi¬ 
ty near the nasal septum in man. But it is 
far more extensive in animals like dogs, 
with an acute olfactory sense. The olfac¬ 
tory epithelium consists of three types of 
cells, viz. olfactory receptor cells, susten- 
tacular or supporting cells and basal cells. 
The olfactory receptor cells function as 
CHEMORECEPTORS because they are stim¬ 
ulated by specific chemical substances. 

If a person continuously inhales a sub¬ 
stance evoking intense smell, the smell 
sensation progressively and rapidly weak¬ 
ens for that substance and ultimately dis¬ 
appears. This OLFACTORY ADAPTATION 
results from changes in both the olfactory 
receptor cells and the olfactory centres of 
the brain. You may be aware that when 
you apply a perfume on your body or dress 
you soon cease to smell it 
yourself but others approaching you can 
still perceive its aroma. Similarly, a disa¬ 
greeable odour becomes more tolerable if 
you get it continuously for a long time. 


All animals do not have their olfactory 
receptors located in the nose. Moths 
and butterflies, for example, possess ol¬ 
factory chemoreceptors on their anten¬ 
nae. Sometimes, a male moth can smell 
a female several miles away and fly un¬ 
erringly to meet her. 


Many thousand types of odour are per¬ 
ceived by man. A far larger number of 
odours must be discernible to dogs and in¬ 
sects. You are aware that dogs can track 
people because they can distinguish be¬ 
tween the odours of different persons. But 
how so many types of odour are discrimi¬ 
nated from each other, is not properly 



Fig. 38.11 Nose, the sense organ for olfaction (sec¬ 
tional view) 

known yet. 

Taste 

TASTE BUDS (Fig. 38.12) are the sense or¬ 
gans for taste sensation. They occur main¬ 
ly in the mucous membrane over small 
projections (papillae) on the surface of the 
tongue. Some taste buds are also scattered 
in the mucous membrane of the pharynx, 
palate and epiglottis. The human tongue 
bears about 10,000 taste buds in its papil¬ 
lae. A papilla may contain a few to about 
hundred taste buds. Each taste bud is an 
oval barrel shaped structure opening on 
the tongue surface through a pore called 
the taste pore. The taste bud measures 
about 50 micrometres in size and contains 
about 60-70 spindle-shaped cells. QftheJat- 
,ter. TASTE RECEPTOR CELLS' (CUSTAIQgY'r 

( rn. lsi " number_^abouL^TTS^theSe:! 

~ celR'lbok lighter and possess long hair-like 
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■m Papillae 


Fig. 38.12 Papillae bearing taste buds on a human 
tongue 

microvilli projecting into the taste pore. 
Nerve fibres end around gustatory cells, 


forming synapses with them. When the 
gustatory cells are stimulated, these fibres 
carry impulses for taste sensation to the 
brain. About 40 supporting cells occur be- 
tween the gustatory cells in a taste bud. 

Gustatory _ cells-function. as 

aiLMORECLPTORS—they are stimulated 
by specific chemical substances acting on' 
them. Substances dissolved in the salivary 
water flow into the taste bud through the 
taste pore to reach the gustatory cells, 
When taste-evoking substances stimulate 
those cells, a nerve impulse originates and 
runs along the sensory fibres associated 
with gustatory cells. Nerve fibres, emerg¬ 
ing from the taste buds pass to the brain 
stem through the facial, the 
glossopharyngeal and the vagus nerves. 
From the brain stem, the nerve impulses 
are relayed through other neurons to reach 
finally the taste centre below the 
somaesthetic area of the cerebral cortex. It 
perceives the taste sensation. 


Human beings recognise four basic MODALITIES OF taste, viz, sweet, sour, salty 
and bitter. No structural difference is discernible between the taste buds in differ¬ 
ent areas of the tongue; still the taste buds in different areas seem to differ in their 
sensitivity to different basic tastes. Sweet, sour, salty and bitter tastes are princi¬ 
pally perceived at the tip, along the lateral edges, on the upper surface of the front 
half, and on the back of the tongue, respectively (Fig. 38.13), Some taste buds are 
stimulated by a single specific modality of taste like sweet or sour; others are sensi- 
tive to two or more modalities,Sour taste is evoked by H* ions produced by the";, 
ionisation of acids. Sweet taste is evoked mainly by organic substances of diverge i 
natures such as sugars, dextrins, glycerol, chloroform, aspartame and saccharine,.: 
Saccharine and aspartame are widely used as artificial sweetening agents—a dia- 
I Betlc^vKocantiot take sugar can use saccharine to sweeten his tea. Bitter taste is ; 
R evoked by many organic substances like quinine, morphine, caffeine, nicotine, 

6 and urea. It is also produced by the cations of many inorganic salts like magnesi-/; 

, um salts. Salty taste results mainly from some cations like Na + of inorganic salts/; 
and also by some organic substances. Taste and smell are closely related sensar $ 
tioris. Loss of smell reduces the perception of taste also. You must have policed, 
now the taste of a food is much reduced when nasal passages are blocked ipcbih$|§ 
mon cold preventing smell sensation. . 

of chillies, black pepper and ‘hot’ sauces is not a true sensation, 




Fig. 38.13 Areas of human tongue perceive different tastes (dark coloured): A. Sweetness; B. and C. 

Saltiness and sourness; D. Bitterness 

mainly a sensation of burning pain produced by the stimulation of pain receptors 
of the tongue by specific chemical substances in those foods. 

Many insects such as honeybees, flies, butterflies and moths possess chemore- 
ceptors for taste sensation on their feet. They start sucking a sugar solution as soon 
as it is applied to their feet. 

Some mammals such as rhesus monkeys, pigs, cats and dogs possess some taste 
buds which send nerve impulses to the brain along the facial nerve when distilled 
water is applied on them. It seems, therefore, that water may stimulate those taste 
buds to evoke taste sensation in those animals. Man does not possess taste buds 
for tasting water. , 

Taste of food is of vital importance in the process of digestion, because taste 
stimulates reflexes causing secretions of saliva, gastric juice and pancreatic 
juice. 


SUMMARY 


The nervous system receives information about external and internal changes, con¬ 
ducts such information between different parts of the body and coordinates the activ¬ 
ities of different organs apd tissues in the light of those changes, In mammals, the 
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nervous system consists of the central nervous system comprising the bram and. the 
spinal cord, and the peripheral nerves coursing outside the central nervous system. 

The central nervous system contains nerve centres for all sensations and activi¬ 
ties. The brain and the spinal cord are covered by membranes, called meninges. The 
cavities of the cerebral ventricles inside the brain and the cavity between meninges 
contain the cerebrospinal fluid. 

The brain consists of the forebrain, the midbrain and the hindbrain. The cere¬ 
brum of the forebrain consists of two cerebral hemispheres and shows many convolu¬ 
tions, called gyri. The cerebral cortex or the outer layer of the cerebrum is made of 
grey matter in which nerve cells are located. Different areas of the cerebral cortex 
function as the highest centres for sensations and activities; c.g. the somaesthetic or 
general sensory area, motor area, visual area, auditory area and premotor area. 
Hypothalamus consists of scattered masses of grey matter in the white matter at the 
base of the brain. It contains nerve centres for temperature regulation, hunger, thirst 
and emotional reactions and the autonomic nervous system. It secretes 
neurohormones controlling the secretion of the anterior pituitary hormones. It 
synthesises the posterior pituitary hormones and also controls their release from the 
posterior pituitary into the blood. 

The midbrain nuclei control muscle tone, and modify motor activities initiated by 
the cerebral cortex. 

The hindbrain consists of cerebellum and brain-stem. Cerebellum contains cen¬ 
tres for maintenance of muscle lone, posture and equilibrium and also for modulat¬ 
ing movements initiated by the cerebral cortex. The brain-stem consists of medulla 
oblongata and pons varoli, and contains many centres for vegetative activities such 
as respiration, circulation and salivation. 

The spinal cord has the grey matter at its centre and the white matter around it. 
Groups of nerve cells constitute spinal nuclei in the grey matter. Bundles of nerve 
fibres ascend or descend along the white matter forming the nerve tracts. The ascend¬ 
ing tracts conduct nerve impulses coming from the peripheral tissues to the brain. 
The descending tracts conduct impulses down from the brain to be relayed ultimately 
to muscles and glands. 

Peripheral nerves are made of many fibres. Afferent and efferent fibres conduct 
impulses respectively from and to the peripheral tissues. Efferent and afferent fibres 
are also motor and sensory fibres because they cause muscle movement. 

Spinal nerves are mixed nerves and innervate peripheral tissues. In human being, 
thirty one pairs of these nerves originate from the spinal cord. 

Cranial nerves originate from different regions of the brain and perform diverse 
functions. Twelve pairs of these nerves are present in the nervous system of man. 

Nerve fibres terminate no other nerve fibres forming pathways. Motor end-plate, 
a specialised structure, occurs at the neuromuscular junction. 

Receptors are structures at the end of sensory nerve fibres and acquaint the ani¬ 
mal with changes inside its body and in the external environment. 

Transmissions of nerve impulses involve elcctro-chemical process. 

Spontaneous involuntary activities of the body are evoked by the stimulations of 
receptors and called reflexes. Reflexes may be unconditioned or conditioned. 

The autonomic nervous system coordinate activities of visceral organs through 
the regulations of their smooth muscles and glands by its nerves. The AN system is 
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divided structurally as also functionally into two— the sympathetic and the parasympathetic 
system. 

Senses for vision, hearing, smell and taste are called special senses. Eyes, ears, nose and tongue 
are special sense organs. Each of these organs has its characteristic structure and perceives a spe¬ 
cific type of sense. Eyes, ears, nose and tongue function respectively as organs of vision, hearing 
(also balancing body), smell and taste. 


QUESTIONS 


). Fill in the blanks with correct words: 

(a) Sympathetic nervep . AlLQL -the pupil while parasympathetic 

nerves 1 'V** l. n -v.Jrl-it. 

(b) Junction between two neurons is called a W n^jb. C - while the junction be¬ 

tween a neuron and a muscle fibre is called a 0 rtnlrr-s n-W j n?.fC 

(c) Taste of food evokes salivation by a im^ if i.tMW while smell of food 

causes salivation by a LiL jzi. ldjr.AJ.al reflex. 

(d) A spinal nerve is a-nerve while the olfactory nerve is 

a /’ ‘"ii'ii'l 1 nerve, 

(e) Sympathetic nerve fibres ... HV- . , 7 . 1 . the heart rate while parasympathetic 
nerve fibres .1^ i fV > * Mhc heart rate. 

(f) We see colour w ith the help of_yo hc v j cells while vision in bright day¬ 
light depends on__cells of the retina, ., 

(g) Preganglionic sympathetic fibres are generally ililgMJili than postgangli¬ 

onic sympathetic fibres while preganglionic parasympathetic fibres 
are £|a.C,. 1 c'A_than postganglionic parasympathetic fibres. 

2. Contrast between the following: 

(a) Rods and cones. 

S iditioncd reflex and unconditioned reflex. 

tor area and premotor area. — u- ^ 

brent neurons and efferent neurons. 

(e) Receptors and motor end-plates. 

(f) Cerebrum and cerebelltim. 

(g) Preganglionic and postganglionic nerve fibres. 

(h) Mixed nerve and motor nerve. 

.(y^Docial and ventr«n*sf)i?iaf nerve roots. 

G) Ascending anil descending nerve tracts. 

(k) Lateral (tad collateral sympathetic ganglia. 

(1) Adrenergic and cholinergic nerve fibres. 

3. Explain the following: 

(a) Why docs the nerve impulse flow more rapidly in myelinated nerve fibres than 
in the nonmyelinated fibres.'? 

(b) How does the middle car help in hearing? 

(c) Why docs vitamin A deficiency produce night-blindness? 
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(d) Why do you soon stop smelling the perfume on your dress while persons ap. 
proaching you still perceive its smell? 

(e) Why do giant squids have very thick nerve fibres? 

4. Match the items of Column A with the items of Column B: 

Column A Column B 

(a) Somaesthelic area (i) Pituitary 

(b) Sympathetic nervVfibres / j(ii) Node of Ranvier 

(c) Sodium Pump . /4iii) Muscle fibre . 

(d) Dorsal root ganglion \ / Jiv) Posture and equilibrium 

(e) Colour vision^ ■“ 4(v) Cranio-sacral outflow 

(f) Motor end-plate’' -^ \ ■ Mvi) Membrane potential 

(g) Hypothalamua^' 1 ' \ (vii) Spinal nerve 

(h) Parasympathetic nerve'fibres '‘"^viw) Cerebral cortex 

(i) Saltatory conduction \. V) Thoracico-lumbar outflow 

(j) Cerebellum . (x) Rods 

\(xi) Cones 

5: Mark the wrong item in each series: j 

(a) Eustachian tube; basilar membrane; taste buds; auditory ossicles. 

(b) Ciliary muscles; choroids; fovea; gustatoi*/ cells. 

(c) Dorsal root fetfnglion; preganglionic sympathetic neuron; lateral chain 
ganglia; postganglionic sympathetic neuron. 

(d) Sodium pump; polarised membrane; resting membrane potential; 
thrcs*hold^timuhis. 

(e) Nonmyelinatraierve fibre; saltatory conduction; node of Ranvier, myelin 
sheath. 

6. Answer the following questions briefly: 

(a) Compare the effects of sympathetic and parasympathetic nerves on the 
''heart, pupil, blood vessels and blood pressure. 

(b) Describe a reflex arc with a diagram. 

(c) Compare the conduction of nerve impulse in myelinated and nonmy¬ 
elinated nerve Fibres. 

(d) Describe the course of^yrnpalhetic fibres from the central nervous system 
to the peripheral organ with a diagram. 

(e) Explain how the nerve impulse is transmitted across a synapse. 

(f) Describe with a diagram the courseaiLparasympathetic fibres from the 
spinal cord to the peripheral organ. 
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CONTROL AND COORDINATION 

ENDOCRINE SYSTEM 



THE glands are secretory organs and are of which they are intended. Hormones may 
two main types, viz. (i) jytficrine glands stimulate or inhibit specific biological 
and (ii) gndocrine or ductless glands. En- processes in the target organs to modify 
docrine glands secrete active substances their activities. Thus, acting as informa- 
called HORMOhps. Hormones do not tional molecules, hormones regulate or- 
reach their destinations through any duct, gans and tissues. 

A - hormone is secreted- into the blood There is a considerable coordination be- 
which distributes it all over the body, but tween nerves and hormones. Synthesis 
the hormone acts only on target organ? forand release of some hormones are regulat- 
andjissues. The organs likefpancreas andr ;d by nerves. On the other hand, hor- 
a^^jare matfPhr mixeaiissuesT uqeof_ mones may also influence nerve activities, 
t pir tissues is erjflrnnf-m nature and se- H ormonal coordination, therefore, plays 
cret emiuce (e,g, the pancreatic mice) or,, an important role in regulating body 
fom s ome ceils fo g, sperms anTi oval functions. 

whWpass throu&h specific ducts JButlHe Hormo nes secreted by endocrine^ 
res t of the organ is made up of Endocrine r jdan ds fl5W5Efasenzymes . l'hfey do not 
tissue wh ich secretes hormones (e , g . msn-^ catalyse specific chemical reactions. Un- 
l in'tronr^pancreasrp^tt^nne from | like enzymes, they are not catalytic mole- 
t Sstes) directly into the blood, cules at all; They may influence the syn- 

ps hormones are informational mole- thesis, activation or inhibition of some 
cules. They are secreted in response to enzymes in their target organs.Again, un¬ 
changes in the environment inside or out- like enzymes, all hormones are not 
side the body. Transported by blood, they proteins—some hormones are macro mo- 
reach the target organs, i.e. the organs for locular nrnteins or large peptidelPfeig. 
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The action of hormone may be compared to those of nerves. You may recall that 
neurons also transmit information between different parts of the body and regu¬ 
late body tissues or organs. But there are some basic differences between these two 
systems. As hormones have to be distributed by the blood circulation, they trans¬ 
mit information much more slowly than nerve impulses. Whereas a neuron elicits 
responses in the tissues within milliseconds, a hormone takes many seconds or 
minutes to produce a tissue response. Commensurate with this, hormones usually 
regulate processes where the response is not immediate but delayed, e.g, the hor¬ 
monal control of body growth. Moreover, the hormonal action is generally less 
specific or precise, and more diffuse or widespread. The action of a neuron is 
more often limited to one or a few specific muscle fibres, gland cells or other neu¬ 
rons. But being distributed all over the body by blood, a hormone may simultane¬ 
ously affect many cells, an entire organ or even several organs located wide apart 
from each other. 


pancreatic_and -flntgrinr pituitary hpr- 
jpones), but some others are only small 
pepu Hes (e.g.^posterior pituitary hort 
.rnone STrsoffiTare modified aminfracid s 
(a hnrrppnes). some atfiiwunes 

(e.g. adrenal medulla hormones ) and still 
othersaresteroirisif Gonadal and arire - 
,nal cortical hnrmnnest-S n hormones dif¬ 
fer from enzymes, both in action and 
chemical nature. 

Mammalian Endocrine System 

The mammalian endocrine system (Fig. 
39.1) consists mainly of the following or¬ 
gans and tissues: l^ypnthaia ^ius pituitary , 
{thyroid, fowup arathyroid s, two adrenals . 
%M Ltestesj malel or two ovaries (female), 
thvmusTm Sal. i slet tissue of pancrea s, 
aqfi h ormoTra l t issues , on.gastrointestinal 
^tract. B esides, a nervous"struCWre called 
^ rfiytioth ftl a mus of tfitTBratyr'is inl awed 
lyiOQjte ^eftdt^rine system and a lgo_se- 
cretes hormones. “ *" 


ter called hypothalamic nuclei, loc ated 
in the white matter in the floor ofthe third 
ce rebral ventricl e ofthe brain (Fig. 39.2). 
Mm mns of th eseHypothalamic nucleL* 
j 11| i.t 

small pea-shaped gland situated below the 
hypothalamus and connected to the brain 
by a stalk. The pituitary is divided into an¬ 
terior, posterior and intermediate 
lobes.-'' 

The v enous bl ood is collected from the 
region of hypothalamus, by a portalvein 
wl|ich passes -thrq ugE'. the stalJ uahdj^ 

^ t i.L - _ _ j. _ * _ . 1.L , 


Hypothalamo-pituitary Axis 

The hypothalamus is a part of the brain. It 
consists of several masses of the grey mat- 


p |ies the anterioxlabe o£prtuitajy._T hehy- 
pothalamic - neurons' secrete several hor¬ 
m ones called NEUROHORMONES i nto this- 
blood. T hese *each the antenorj uluitary 
thnough tlfie portalJalHHid-ahdl contr ol the 
secrerioaS f hormones byj he-oells of that 
gland. For example, thyrotrqpin- 
RELEASINO HORMONE . CORTICOTROPIN^ 

r JtELEAsnj Q.-—HORMONE and 

-vGONADOTBOWM Mil FA S ING HORMQN E-Of 
hypothalamus stimulate the anterior pit u¬ 
itary . to secre teZ~respectivai>v. the hor- 
mones called thyrotropi n, corticotropin 
aa d gonadotropu isLQn the other hand, the 



693 


"coHTROL AND COORDINATION: ENDOCRINE SYSTEM 






Hypothalamus 


Hypophyseal fossa and^ 
pituitary gland 


Hypophyseal stalk 


fr I L ^Vt«v ^ 

Y *' <*' (jV“* 

Fig. 39.2 Hypolhalamo-piiuilary axis in man Cv r \ 

ior lobe. These are then carried out from secretion of t 


lilSS 


the latter by blood and circulated in the rite sceffce causes abnor 
body as the horm 


jn i —---- 

of hypotha 

late the endocrine system to a large extent' 


The antenor lobe secretes six hormones 
from its different cells: (i) The gr owth hnr . 
moaio rjQMAIQIKQPIN IgHot STIil 
stimuIa tEEdmtMth^by stim ulating re- 
tentioQ_iLproteiiis^d calcium in the 
bodj^ synthesis and deposition "of proteins 
in tissues, gr owth aadlfi loagatioiuif long 
bones , and pronoi lbnate-grnwih nf nviis- 
cle s and v iscera] or gan? . The failureoTse- 
cretion of growth hormone from amearly 
age st ^ps the growth of long bones and of 
the body pt ematurek uUis makestfie pa¬ 
tient dwarf\( ^^nsM\A O n the oth er 
hand, excessiv ^ecretio n of this hormone 
from chiHUooTturns" the patient into a 
giant with abnormal -elongation of all 
long bones \giga^tism)A Over- 


enor pituit 


(UT T HYROTROPIN or THYROID - 
STIMULATING HORMONE (TSH) Jtiffln- 
late s the growth of the thyroid and sec re- 
tioc—oL^Jj^roid—h ormones, (iii) 
CORTIC OTROPIN or ADRENOCORT ICO- 

tS ophichqrmone (AglH} ofthe anteri ¬ 
or lobe stimulates tlTSgrowth of adrenal 
cortex (outer laye r of adre nal) and secre¬ 
tion o ^ugocQRTia^ho rmones from 
it. Hv-vil ^7er-t?OT7ADOTROPiNS "o r 
g onad-stimWting hormo nes are also 
segreted by the anterior lob e viz, 

. hormones 
(TSH), LU TEINIZING H ORMONE (LH)_and 
PROUC ^Q^riif. The FSH stimulates 
the testes urthemale to Produce sperml! 
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an d the oyarieai4thej£inale4o produce 
also stimulates ovaries to secrete 
femaie sex hormones called estrogens. 
Tjie LH (ICSH) sti mulates theTestesjcTs fr- ' 
crete the male -sex fiormopfr— 
testpstflcoaf i JJistimulates the ovaries to 
secpetetheremale sex hormone calle d pro¬ 
gesterone. Prolactin in the female stmn> 
laiSimiSecretion of milk from the mam- 
mary g^nttsaTter tHe btfQf ortfie chird. 

You have read that hypothalamic 
neurohormones control the secretions of 
all the anterior lo6e hormones. The feed-. 
back MECHANISMS check any over¬ 


secretion of the hormones whose secre¬ 
tions are stimulated by the anterior lobe 
hormones. Whenever a jarget endocrin e 
qlantb- rntrolled by a trophic or stimul at¬ 
ing horm one of the anteri or lobe, secretes 
excess ol itsJbiQonone, the rise in the blood - 
l evel of the latter inhibits further secretion 

cFEGonof the target end ocrine gland until 
t firtflood le velof its^horm o ne-returns to' 
nggggL To bTrrfFinTnother way, the hor¬ 
mone of an endocrine gland, stimulated 
by the anterioriohe, is fed bacglolReTg t^' 
ter and/or to the hypothalamus to inhibit 

For example, a riseinJheJhlood level 


synthesised in some hypothalamic neu- 
,rons_and remain storgSTTfReir axon ter- 
minalsinslgethe Posterior lob e. Whenw- 

er the blood osmo tic pressure ri ses due to 
the loss of water from the body, these neu¬ 
rons are stimulated to release vasopressin 
into the blood in the posterior lobe. 
Vasopressin is also known as antidiu-^ 

e s the volume of urine by incre^jing the 
reatiSbfptiuu uf water from the urine in 


me aisiai convoluted tubules, collectn 
tub ules and co llection ducts in the kidne 




tubules permeable to water. Failure of se¬ 
cretion of vasopressin leads'toa reduced 
renal reabsorption of water and a conse¬ 
quent elimination of a large volume of 
very dilute Oiyp o tonic ). urine: this disease 
is known -aHSiAflETEs msTPirpis-X ( 
although the volume of urine is increased, 
y glucose appears in th e urine of such pa¬ 
tients. Be sides its antidiuretic effect of re¬ 
d ucing the urinary volumerVasopEessin 
also enhances arterial blood pressure hy 
cau sing constriction or narrowing of art e- 
rioIes7nx&5 her posterior^obe hormone, 
viz, pcvtociri . is secreted into the hlnod 
when the hypothalami c neurons are 
stimulated either due to the distension of 


rotropm secretion from the 


of glucocorticoid hor 


c ortgSTS uch a coordination between the 
anterior pituitary and the endocrine 
glands controlled by it helps to maintain 
more or less constant blood levels of their 
hormones. 

You may recall that the posterior pitui¬ 
tary secretes t wo hnmonei.jyAsnPR ESsrN 
and JIXYTOCIN. In fact,”They~“ are " 


The intermediate lobe of pituitary 
secretes a ‘ hormone called; 
melanocyte-stimulahnoL" hor- 


kino 










niilFTTI* 


Thyroid follicle 



A * B 


Fig. 39.3 Thyroid and parathyroid glands in man. A, location and B. internal structure 
(diagrammatic) 


ut erus hv the i^nr r |tif-tn the r organ and contains many Spherical or oval 

sticking of. 


sti cking of the breast bv the infant^Qxvto^ sfly-like follicle s. Cells lining the thyroid 
cin c ontracts the smooth mn cripcrtfntpmc- follicles se ffr ° to fhYFfjfl hpn™ M 
aniTmammarv glands !I terine contrac- ^hyn yirm?'n^’tnjoflShyjoq.in^ Bothare 
■ tions, stimulated by oxytocin at the end of iodinated Tormsot an a mi nd-acid cal led 


pregnancy, hefp in the child-b irth. The t'Ryroiiine'a nTr remain stored irL tiie4£3v- 
oxyfocin-induced contractions of thte lik e semif lui d material (colloid) jn_the 
ma mmary eland muscles W pirLthe iiq# lum en of fol licles. When necessary, the 
of st ored milk f rom the mammary glands’ hormones are released Jrom the coll oidLto 
to the mouth of the suckling infant. There* the blood. You may recall that 
fore, ojpytocin is also cal led ‘milk ejection tlt yrotrop tn of anterior pituitary stimu- 
hormone’ and Tiicth hrmpr^, lates the synthesis and secretion of thw d 

pC "7a hop3jiiHesTT(5ir may also recall that the 

, principal biological role^f iodirre in'the 
It is situafMf in the neck close to the tra- animal body is to-form-thyroid.hor mones, 
chea (Fig,3^. 3). The gland consists of two Functions :(^Thyroid hormones greatly 


elongated oval lobes joined by anarrow., i noreaye the metabolic rate of the body 
-band calle d isthmus. It is a highly vascular and, consequently, enhance heat product 
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tion andmaintains BMR (basal m e tab olic thyroid overactivitv-s uch as high n 
ratgj. (ii) Thyroid Hormones also promote, kr-rateTrapid^ heart rate, rise i 
growth of body tissues- both physical temperature, emaciation, nervousi 
growth and developmm fr of mental facul- ritability, tremor and restlessness 
ties arejtimuiated. (iii) They stimulate t; t 

^ssua /fiffvrpntifl tion. Because of this ac '\sjS^^T s ' -—- 

tinn. rttevj arimote metam orohosisoftad^ tadpoles are adminis 

pnjes into adult fro gs. * thyroxine, they metamorphose 

pi’t fliffcrs <? ue to thyroid hormone imbal- frogs prematurely before their 

ances.-(i) Failure of thyroid secretion from growth is complete. They are 
infancy or childhood slows body growth changed into tiny frogs. On the i 
andmeniaL-development and reduces hand, feeding of antithyroid 
rtipt ahoHcrate ma rkedly. The child re- stances like thiourea to tadpole 
mains ph ysically stunted and m e ntally re- lays their metamorphosis, di 
tarded. The body temperature, heart rate continu e to grow without meta 
andSlood pressure are lower than normal. phos istKey becpip£_gianitad; 

The patient is pot-bellied and pigeon- • JMexican axolotls areamphi 
a nri hgc~a This:d i-which ordinarily exist and evt 

disease is called c Cretinism) ~Normal produce in the aquatic 1 

growth and development may be restored " form without metamorphosis 
in certain cases by an larly administration the adult form, because the; 
of thyroid hormones. bom deficient in thyroid horm 

(ii) Defi ciency of t h yroid hormones But on administration of th 
produces 
tient has a pu 

alertness. intelligence and initiative. 




atient also suffers from low metabolic r_—~ 
rate, slow heart rate, low body tempera- | Pqm " iyr ° -1 
ture and reproductive failure. Adminis- These are four small glands situated very 
tration of thyroid hormone® cures the close to the thyroid (Fig. 39.1 & 39.3). 
symptoms. 

(iii) You may recall that in mountai 
nous regions, th e dietary deficiency of io- back control o 
uently nro duceq flivroid enlarge- in 

El? ere 


or inhibit 




thyroid overactiviriL Such as high metabol- 
k, laLeTTapid heart rate, rise in body 
temperature,emaciation, nervousness, ir¬ 
ritability, tremor and restlessness. 


lfyoung tadpoles are administered 
thyroxine, they metamorphose into 
frogs prematurely before their body 
growth is complete. They are thus 
changed into tiny frogs. On the other 
hand, feeding of antithyroid sub¬ 
stances like thiourea to tadpoles, de¬ 
lays their metamorphosis. As they 
continue to grow without metamor- 
phosiiTtKey Dec(aBe_giM t. tadpoles." 
Mexican axolotls are amphibians 
-which ordinarily exist and even re¬ 
produce in the aquatic larval 
form without metamorphosis into 
the adult form, because they are 
bom deficient in thyroid hormones. 
But on administration of thyroid 
hormones, they metamorphose into 
the terrestrial adult form. 


secrete a 


, They are under the feed¬ 


back control oi blood ealci 


in bio 





accompame 


retmism 


ne secretion from 


(iv) In nBAVFS nTsEAS E nrpynPHTH al- Parathormone increases theggn ggn 


he) is acco _ 

balls th e bones to the p lasma-flnd reducesjm^ 

thyroid is ovetactjy. e and secrets exd&s - Tia rv of-catoa m. It is secreted 

sive amount of thy roid hormones, s o, tne^~~whenever the Plasma Ca J+ concentration 
goritre is associated with symptoms of falls and restores the Ca i+ concentration 
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ic plasma. On the other kidney tubules and other soft tissues. 

es phnsnhate elimination ___ . — --^ 

ITconsequentiv lowers ^ Adr enals or Supra.renals\ 

:entration i n the plasma. Adrenals are two qonical pyramid-shanert 
rrone-r&gulates the.metab- glands, one immediafel^sfbove each k^- 
B^n3~ph osB5o£a£> ney (Fig. 39.4). Each adrenal is made up of 
e parathyroids fail to se- a n outer layer calle d adrenat. mp-rc v 
amount of parathormone, and a central portion calle d adrenalm eT - ' 
)n ofcalcium ions falltab - ^DULLA._Xhe c ortex and the meduHTs e- 
plasm a. This increases the creTedlfTerent hormones andare regulat- 

erves and muscles. Conse- gTTn differen t wavs. ~~ -—-- 

ed contractions (tet apyM Ad renal cortex: This part of adrenal js vi- 
yrynx, lace, handsand feet tally im portant for life and it s destruction 
his disease is called para-^ or removal kills the animals . It secretes a 
JY. On the other hand, the"' number of steroid hormones which are 
m ours secrete excessive broadly classfl'ledlnto three groups, jdz. 
thorrs^eTThis £ ause ii&r glucocorticoids- mineralocorticoids and 


glucocorti coids- min eralocorticoi ds and 

sev rnr-fipniils . . 

(iTmiN ERALOCX>RTICX)IDS are s ecreted 
from tTre~P utermost cellular- layer of the 
adrenal cortex .tf iWgsfgfond is the prin ci¬ 
pal minera ioco racoldin m an, other mam- 
mais an(j hirds MmeraTocorticoids regu¬ 
late the metabolisms pf sodipp] and potas¬ 
sium. T heir secretion is stimulated by a 
fall in plasma Na ■" concentration, Qtgjise 
i n plasma K' concentratio n, or a fall in ' 
circulating volume of blood. Aldosterone 
reduces the elimination of Na + in the 


urine, sweat, saliva and bile by enhancing 
the active reabsorotion of this ion from 
those - fluids. It also increases the elimma- 


uids in exchan 
the reabsorbed Na + . By retaining more 
Na + in the blood, ivincreases the reab¬ 
sorption of water from the urine by the os¬ 
motic effect of tya\ Due to the same rea¬ 
son, it i ncreases the volumes of blood and 
o ther extracellular fluids. 

CoLuedcoRtf<SS3g Psuch a fcQR% 
re secreted trom tne middle cellular 

_of the a drenal cortex . They regulate 

thft metahn1i<jms r.f rarbnhvdrates. fats 
and proteins . You may recall that the 


to normal in the plasma. On the other 
hand, it increas es nhosnhate elimination 
inth e urine aruTconseQuentiv. lowa js-thd 
^ ph osphate concentration in the plasma . 
Thus, oarathornrone-fe gulates the m etab¬ 
olisms Q RMlCitrHTlng~5HdspTTdriis\ 
Disorders: If the parathyroids fail to se¬ 
crete sufficient amount of parathormone, 
the co ncentration of calcium ions falkab - 
n ormaliyinthe plasma . This increases the 
excitability of nerves and muscles. Conse¬ 
quently ^sustained contractions (tetanvl of 
t he muscles oflarvnx . lace, handsand feet 
are produced. This disease is calle d PARA¬ 
THY ROID fETANY . On the other half^TH? 
i5&rathyf&ld~~ttiihours s ecrete excessive 
a mount dn^Tathorffion eTThis causes in¬ 
creased mobilisa tion of bone minerals 
into the blood, snffem hr of hones, rjqe IP 
" tfie'concentration of calcium jon s in the 
plasma, and deposition of calcium in 


Metabolisms of calcium and phos¬ 
phorus are also regula ted by anoth er 
honru moca lled ^ciIQtqN^T tj ^ se- 
creted by some ®r»tuklra outside 


plasma 


concen 


centration of €a l+ rises inthe bio 




ns of both calcium and 





















Hnr pituitary. 'I hey include steroids 
which may s timulat ive developm ent of 
e xternal se x character*, nf the malfi_tvpe 
such as the maie.pa.ttR.rn of distribu tion of 
b adv hai r . Kx 3 JBple£ of se x corticoids 
an n c r>iQN^ and 


secrete ^too much 
CUSHING’S syndrom^ . H igh blood sugar. 
armgaTanceo / sups r-in..t he 11 ri n ^jahesity, 
wasting of limb muscles, rise in plasma 
,Na y . f all in plasma J< CVrise in blood-vol¬ 
ume and high blood pressure are observed 
in the patient. 


Dmrders: (i) A destruction of adrenal cor- (iii) Excessive secretion of aldosterone 

tex by diseases li ke tuberculosis produces from an adrenal c ortical tum our prddTrce fr~ 
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Actions of adrenaline and noradrenaline are not identical in many tissues. Adren- 
aline dilates (widens) arterioles in the skeletal muscles but constricts (narrows) 
those in the skin and abdominal viscera; noradrenaline constricts arterioles in 
general to increase the total peripheral resistance against the flow of blood. Adren¬ 
aline increases both rate dhd force of heart beats; noradrenaline has little effect on 
the heart. Both increase arterial blood pressure, the former by enhancing the car¬ 
diac output and the latter by raising the peripheral resistance. Adrenaline relaxes 
the smooth muscles of gastrointestinal tract, urinary bladder and bronchioles, but 
con tractate sphincter/bf gastrointestinal tract and bladder; noradrenaline has 
no action on the bronchiolar muscles and only weak actions on the other smooth 
muscles. Adrenaline increases blood sugar and blood lactic acid levels; 
noradrenaline has very little effect on them. Both hormones increase heat produc¬ 
tion, metabolic rate and body temperature. Their coordinated actions help the 
body reactions in stress. This is why adrenal medulla is sometimes called the gland 
for 4 fight, fright and flight*, 




terminals to transmit 


ervt impulses from -them to smooth' 
nff uscles and Rla ndsr~Both sympathetic , 
nerves and adrenal medulla are stimulat¬ 
ed in Physical stress like_£all4n blood pres¬ 
sure or blood sugar, pain, cold otinjury; 
both are also stimulated in emotional 
stress such as anger^Jear^and grief. All 
these indicate that the adrenal medulla 


a cl osely integrated system: this 
ed sympathetico-adrenaTsyS'- 


er mstanc 



«* 1 ?■ oke* i 


plasma K.*, rise i 


* ' (iv) An excessive secretion ofsex corti- 
c oids produces the male-type exfyriial s& 
characte^luch as beards and moustaches 
and male VP feeln wome n.The dlsease is 
called fto ki NAL viril ISm^. 

Adrenal 1 medulla: TUs part of adrenal 


medulla: 




jart of adrenal 






adrenalineil The proportion of the two ° ancreatic 
Rdrtfibnesvaries from species to species; The 
in man, muc 

n noradre n aline . i ne secretion 
hormones is stimulated when nerve .-im— creting cells 


called 




athetic nerve '" R 


hormOneS act on organsand tissues sup 
plied by sympathetic fibres and produce 
effects like those of sympathetic stimula¬ 
tion. Noradrenaline is also released at 


^ ^. are the hor- 

onessecrcteffby pancreatic islets. A rise ^ 
in blood glucose level stimulates both the 
synthesis and the secretion of insulin. A 


N flr a dr e p ali n a Js also released ^at rise inbloo'd - imino-acids may* also 
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^ ^ t£A, 


increase insulin secretion. The functions 
of insulin are: 

(i) Insulin increases the utilisation of 
g lucose in tissues and .facilitates 1 
jhestorage of glucose as glycogen 
j g^uscl e sjand-lbt er. By these ac- 
tifensTH msulin lowers the blood 
su gar leveld 

(ii) Insulin in creases the synthesis of 
fpt in the adipose tissue from fatt y" 




(rii) It also r educes the breakdown 
and oxi datlo n jafiat. 

(iv) Insulin promotes_protein synthe¬ 
s is in tis sues from amino-acids. " 

(v) ltVe duces catabolism of protein s 
in the jiodv . I nsulin is an anabolic 
honjmnfi——- 





time to heal and may turn into gangrenes. 
In extreme cases, the patient Sulferslfom 
coma and mgy die. Administration of in- v 
[.sulin reduces the blood sugar and chairs 
other symptoms of diabetes. 

finHacrine Functions of Gnnnd<T^ 

The gonads, viz. testes in males and ova¬ 
r ies in fem ales, are mixed organs They 
produce repAductive ceils and secrete 


gans. These hormones are collectively 
calle d sex hormones . They are secreted 
from" near the age of puberty or sexual 
maturity. 

Male sex hormone: Testis secretes the 
male sex hormone called testosterone. 

” The endocrine part of testis consists of 
g roups of cells located in the connective 
tissue around the spe 


mfomusttnhnW These cells are gal 
terstitial cells 




secrete testosterone: this is whv LH is als o 


So, it raises the blood sugar level an d 
tends to cauie"the elimination’ 1 of 




Failure of insuli n secretion produces 
ellitusI In this dis ease, blood 
normally high and exceeds the 


renal threshold for glucose , Consequently, 
glucose appears in the urine. The 

utilisation nt glnrnfift is derreasedi-in- 

stead, cat abolisms of fats and p roteins are 
enhanced. I ncreased ox idation of-fat pro - 
’'tffi ceTketone bodies s uch a s acetoacetate 
and ac etone.. Also the blood cholestero l 
’rises. Th e osmotic effect of glucose in the 
urineconsiderably increases the volume 
of urine. Thirst is enhan ced due to urinary 
loss of water. Injuries take a long 




in g hormone Wljen the blood 

level of testosterone rises above normal.it 
exerts a feedback inhibitory effect on the 
anterior pituitary to sto p furthenlCS H se 
cretion. Tlfls normally prevents the over¬ 
secretion of testosterone. 

Functions'. Testosterone stimulates the 


gr owth and development of male seconx, 
dARY-se x organs such as the prostate, 
s eminaf vesicles SnUpenis . It also stimu¬ 
lates and maintains their normal func¬ 
tions in reproduction.’ These organs are 
•called secondaries organs because they 
n articinate ari d heln in renroduction but 
do not produce gametes. Te stosterone 
stimulates the development of the exter- 


nv ^st ach es anj jow-pitch male v oice in 



















castration or removal of testes 
causes failure of development of sec¬ 
ondary sex organs and characters 
and removes the ability to repro¬ 
duce. Castrated males called eu¬ 
nuchs were employed in royal har¬ 
ems in the middle ages as menials 
and guards. Choir boys were often 
castrated in medieval Europe to re¬ 
tain their high-pitch juvenile voice 
for singing. Castration changes the 
aggressive bull into a docile ox. The 
latter lacks the male character of ag¬ 
gressiveness due to testosterone defi¬ 
ciency. The docile ox can be conve¬ 
niently used for ploughing and 
drawing of bullock carts. 


man. and combs and wattles in cock, it 
also maintains these external characters. 

It also stimulates the-formation of sppr^ c 
in- th g Testa : Testosterone qromotes jh* 
arowituaf m any body tissues inciudniR 
bones aad-ja nscles: this explain s 
growth at o uhertv and a hi gher stature of 
the male body than the female body. Sub¬ 
stances which stimulate the development 
ofnmjje sex character, are called^^^^ 

DWdersTThe failu re of testoste rone se¬ 
cretion results i n nglivucTioiDis^D In this 
disease, secondary sex organs such as 
prostate, SCfhinal'v'esIcles ahd~penis-re- 
■marn infriiitiT e'and small in size aneffai^to 
fifnetion. External sex characters like 
beards, moustaches and low-pitch male 


Developing Graahan 
follicles 


[..V77 
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Fpllicular epithaliun 



Mature Graafian follicle 


Fig. 39.5 Internal structure of ovary in human female showing Graafian follicles at different 
stages of development (diagrammatic) 
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voice fail to develop. Spermatozoa fail to 
be produced. Administration of testoster¬ 
one to the patient stimulates growth and 
development of secondary sex organs and 
characters. 

Female Sex Hormones : Ovaries secrete 
steroid hormones which regulate the fe¬ 
male reproductive organs. They are called 
female sex hormones; in chemical struc¬ 
ture and functions, they belo ng to two 
type s, j uz. fi STROOEN^ and 
l (ROOEsfiRoii>, 

The ovary contains numerous sac-like 
cellular aggregates called ovarian follicles, 
each with a maturing ovum at its centra 
(Fig.39.5). Cells of aatlaturine ovarian fo l.- 
licle (GRAAFIAN FOLLICLE) S 


mntnreri fnllirfft int* a yellow structure ^ 
called C pj&FusLUTEu M and stimulates"the" 
latter tosbcrete proRgsterone . In turn, 
high blood levels of estrogens and proges¬ 
terone may cause f eedback inhibition o f 
the secretions, of gonadotr opins fromTHe 
pituitary . 

At puberty, estrogens stimulate the 
growth, maturation and functions of fe¬ 
male secondary sex organs such as the 
uterus, Fallopian tubes and the duct sys- 




de velop an d mai ntain external Temale sex 
characters like th e high-pitch fema le voice 
and the female nattem of body hair dis tri¬ 
bution. Alternating actions of estrogens 


aiumuuu ui uic vjuuumu lumiujg auu ao- 

cretion of estrogen from it are stimulated 
by the follicle-stimulating hormon e (FSH) 
of anterior pituitary. The 


pregnant female. The ovary secretes 
amount of progesterone during pregnan 


MU] 


ture of the Graafi 


wmmsmmm 


LOr- cv: p rogesterone 
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Table 39.1 

SOME IMPORTANT MAMMALIAN HORMONES 


Endoerin* organ 

Hormone 

Principal actions 

Hypothalamus 

Thyrotropin-releasing hormone 

Thyrotropin secretion 


Corticotropin releasing hormone 

Corticotropin secretion 


Gonadotropin releasing hormone 

Secretion of pituitary 

gonadotropins 


Somatostatin. 

Inhibition of growth hormone 
secretion 

Anterior Pituitary 

Growth hormone (GH) 

Body growth 


Thyrotropin(TSH) 

Thyroxine secretion 


Corticotropin (ACTH) 

Glucocorticoid secretion 


Follicle-stimulating hormone (FSIlj 

Growth of ovarian follicle and 
estrogen secretion in females 
and spe rmalogene sis i n males 


Luteimsing hormone (LH) 

Development of corpus 



luteum and progesterone se¬ 
cretion in females, testoster¬ 
one secretion in males 


Prolactin 

Milk secretion 

Posterior pituitary 

Vasopressin (ADH) 

Hypertonic urine, arteriolar 
constriction 


Oxytocin 

Uterine contraction 

Thyroid 

Thyroxine, tniodothyronine 

Tissue metabolism, growth, 
differentiation 


Calcitonin 

Fall m blood calcium 

Parathyroids 

Parathormone (PTH) 

Rise is blood calcium 

Adrenal cortex 

Glucocorticoids (cortisol) 

Carbohydrate, fat and protein 
metabolisms 

- 

Mineraloconicoids (aldosterone) 

Sodium and potassium 
metabolisms 


Sex corticoids 

External sex characters 

Adrenal medulla 

Adrenaline and noradrenaline 

Heart beat, blood pressure, 
contraction or relaxation of 
smooth muscles 

Pancreatic islets 

Insulin 

Lowering of blood sugar, in¬ 
crease in glucose utilisation 

Testis ^ 

Glucagon 

Rise in blood sugar. 

Testosterone 

Male secondary sex organs 



and external sex character 

Ovary 

Estrogens 

Female secondary sex organs 
and external sex characters 


Progesterone 

Pregnancy changes in female 
sex organs. 
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SUMMARY 


Endocrine glands secrete hormones into the wood. Hormones are informational 
molecules. They regulate functions of other organs and tissues. Their actions are 
slower and more widespread than nerve impulses. They coordinate the activities of 
different organs and tissues. Unlike enzymes, they do not catalyse chemical reac¬ 
tions. Hormones may be proteins, peptides, amino-acids, catecholamines or 
steroids. 

Neurons of hypothalamus secrete neurohormones such as thyrotropin-releasing 
hormone, corticotropin-releasing hormone, gonadotropin-releasing hormone and 
somatostatin. These are carried by a portal vein to the anterior pituitary and regulate 
secretions of its hormones like thyrotropin, corticotropin, gonadotropin and growth 
hormone. Some hypothalamic neurons called neurosecretory cells synthesise 
vasopressin and oxytocin which are released into the blood from their axon terminals 
in the posterior pituitary. 

Of the anterior pituitary hormones, growth hormone stimulates body growth, 
thyrotropin stimulates the thyroid to secrete its hormones, corticotropin stimulates 
the adrenal cortex to secrete glucocorticoid hormones, follicle-stimulating hormone 
andlutcinising hormones regulate the gonads and their hormone secretions, and pro¬ 
lactin causes milk secretion. Deficiency of growth hormone produces dwarfism while 
over-sccrction of that hormone produces gigantism in the young and acromegaly in 
adults. Secretions of the trophic hormones of anterior pituitary are controlled by the 
negative feedback effects of the hormones of their respective target glands. 

Of the posterior pituitary hormones, vasopressin increases renal reabsorption of 
waterfrom the urine to make it hypertonic, and also raises the blood pressure by con¬ 
stricting arterioles. Oxytocin, another posterior lobe hormone, contracts the smooth 
muscles of uterus and mammary glands. 

Thyroid secretes thyroxine and triiodothyronine. These thyroid hormones en¬ 
hance the metabolic rate, promote body growth and tissue differentiation, and stimu¬ 
late metamorphosis of tadpoles. Failure of thyroid secretion produces cretinism in 
the young age and myxedema in adults. Iodine deficiency goitre is also accompanied 
by reduced thyroid secretion. Grave’s disease is characterised by a goitre secreting 
excess of thyroid hormones. 

Parathyroids secrete parathormone which increases the blood calcium level by in¬ 
creasing the mobilisation of bone calcium and the renal reabsorption of calcium from 
the urine. Parathormone deficiency lowers the blood calcium and consequently pro¬ 
duces sustained muscle cramps or leiany, 

Adrenal cortex secretes three groups of steroid hormones. Mmeralocorticoids 
such as aldosterone increase retention of Na f in the body and elimination of K + 
From the body. Glucocorticoids such as cortisol regulate the metabolisms of carbohy¬ 
drates, proteins and fats. Sex corticoids develop external male sex characters. Failure 
of corticosteroid secretion m Addison’s disease lowers the blood sugar and plasma 
Na 1 /and raises plasma K.'. Over-secretion of glucocorticoids produces Cushing’s 
syndrome with high blood sugar, obesity and high blood pressure. Over-secretion of 
aldosterone enhances plasma Na - *, blood volume and blood pressure in aldostero¬ 
nism. Adrenal virilism is caused in women by over-secretion of sex corticoids, pro- 
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during beards, moustaches and the male voice. 

Adrenal medulla secretes adrenaline and noradrenaline. Adrenal medullary hor¬ 
mones and the sympathetic nervoussystem function in an integrated and coordinat¬ 
edway as the sympathetico-adrenal system. Adrenal medullary hormones are secret¬ 
ed during stress, and they help in combating the stress condition. 

Pancreatic islets secrete insulin on being stimulated by a rise in blood sugar or 
blood amino-acid level. Insulin lowers the blood sugar by increasing the utilisation of 
glucose and storage of glucose as glycogen in the tissue. Insulin deficiency produces 
diabetes mellitus with high blood sugar, excretion of sugar in the urine, increased uri¬ 
nary volume, high blood cholesterol and ketone body formation. 

Testicular interstitial cells secrete testosterone, It stimulatesgrowth and functions 
of secondary male sex organs, and the development of male external sex characters. 
Failure of testosterone secretion produces eunuchoidism with infantile male sex or¬ 
gans and undeveloped external sex characters. The Graafian follicle and corpus 
lutcum of ovary secrete estrogens and progesterone, respectively. Estrogens stimu¬ 
late the growth of female secondary sex organs. Progesterone controls pregnancy 
changes. 


QUESTIONS 


1. Match the items of Column A with 
Column A 

(a) Acromegaly 

(b) Vasopressin 

(c) Ovulation 

(d) Spermatogenesis 

(e) Insulin 

(f) Cretinism 

(g) Aldosterone 

(h) Child birth 

(i) Glucocorticoids 

(j) Milk secretion 


those of Column B: 

Column B 

(i) Luteinising hormone 
<ii) Diabetes mellitus 
0ii) Thyroxine 
<iv) Prolactin 

(v) Oxytocin 

(vi) Growth hormone 

(vii) ACTH 

(viii) Follicle stimulating hormone 
(ix) Adrenaline 
' (x) Sodium metabolism 
(xi) Diabetes insipidus 


2. Mark the wrong item in each series: 

(a) Growth hormone; TSH; vasopressin; LH. 

(b) Goitre; cretinism; dwarfism; myxedema. 

(c) Oxytocin; somatostatin; gonadotropin releasing hormone; corticotropin 
releasing hormone. 

(d) Glucocorticoids; mineralocorticoids; sex corticoids; corticotropin 

(e) FSH; TSH; prolactin; LH, 

3. Distinguish between: 

(a) Diabetes mellitus and diabetes insipidus. 

(b) Exophthalmic goitre and iodine deficiency goitre 

(c) Follicle stimulating hormone and luteinising hormone. 



CONTROL AND COORDINATION: ENDOCRINE SYSTEM 


707 


(d) Glucocorticoids and mineralocorticoids. 

(e) Estrogens and progesterone. 

(f) Vasopressin and oxytocin. 

(g) Somatotropin and somatostatin. 

4 . Fill in the blanks with correct words: .. « 

’ (a) Corticotropin stimulates the growth of the neV 0 ^ an f t the 

of djJfj f rom it. 

(b) Secretion of milk is stimulated by ejetion of milk is 

stimulated by . ’ -»—, ‘ fA 

(c) Diabetes insipidus results from a deficiency of while diabetes 

mellitus is caused by a deficiency of W^uJL\,v\ 

(d) Growth of female secondary sex organs is stimulated at puberty by 

Q- y-. W *-. 1 1 while growth of male secondary sex organs is stimulated by 

-TT^Ar^ t .f'- L 

(e) Deficiency of growth hormone from childhood produces the disease called 
_while over secretion of that hormone frop childhood causes 

(i) Urinary loss of Na + is reduced by the hormone_while the 

Ca 2+ concentration is raised in the plasma by ‘Pcjuvt VW 
(g) Reabsorption of water from the urine is increased by the hormone 
_while reabs^tion of Na + from the urine is enhanced by 

5. Write the names and sources of the hormones regulating the following: 

(a) Uterine changes in pregnancy. 

(b) Urinary elimination of water. 

(c) Metamorphosis of tadpoles. 

(d) Plasma Ca 2 ' 1 ' level. 

(e) Na + and K + metabolisms. 

(f) Blood sugar level. 

(g) Secretion of growth hormone. 

(h) Leydig cells of testis. 

(i) Milk secretion. 

(j) Uterine contractions at childbirth. 

6. Explain the following: 

(a) Insulin lowers the blood sugar level. 

(b) Hypothalamus and pituitary function as an integrated and coordinat¬ 
ed system. 

(c) Body growth is greatly accelerated at puberty in the male. 

(d) Adrenal medulla and the sympathetic nervous system function as a closely 
integrated system. 

(e) Pituitary regulates the reproductive system in both sexes. 

(!) Feed-back systems control the blood level of many hormones. 

7. Describe the physiological functions and disorders of thyroid hormones. 

8. Write briefly about the endocrine gland which helps to combat stress. 
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CHAPTER 40 


ANIMAL REPRODUCTION 



REPRODUCTION is an important charac¬ 
teristic of living organisms. It is the proc¬ 
ess by which an organism produces young 
individuals of its own species. It thus 
maintains the continuity of the species. 
There are two modes of reproduction in 
animals—asexual and sexual. 

Asexual Reproduction 

In this type of reproduction, the participa¬ 
tion of two organisms is not required. It 
also does not involve formation or union 
of sex cells. Most common forms of asex¬ 
ual reproduction in animals are fission 
(Fig. 40.1) and budding (Fig. 40.2). Some¬ 
times, the body of a single organism di¬ 
vides into more than one new organism 
by a process called fission. Various proto¬ 
zoa, Hydra and some flatworms can repro¬ 
duce by fission of their bodies. Fission 
may be BINARY (e.g. Amoeba, 
Paramecium, Planaria) where the parent 
organism divides into two halves, each 
forming an independent daughter organ¬ 
ism, It may be multiple when the parent 
body divides into many daughter organ¬ 


isms (e.g. malarial parasite).The binary 
fission may be longitudinal or transverse, 
e.g. transverse fission in Planaria (Fig. 
40.1C). Hydra may reproduce vegetative- 
ly by EXOGENOUS BUDDING (Fig. 40.2). A 
conical outgrowth or bud grows externally 
on the surface of the body wall by the pro¬ 
liferation and differentiation of some of 
its ordinary vegetative cells. The bud 
gradually'develops some tentacles around 
the osal aperture at its free end, and a cen¬ 
tral cavity continuous with the body cavi¬ 
ty (coelenteron) of the organism. A con¬ 
striction then appears at the fixed end of 
the bud. It deepens to pinch off the bud 
from the body wall of the parent organ¬ 
ism. The freed bud now forms a full- 
fledged independent Hydra and anchors 
itself to a surface by a basal disc formed at 
its bottom end. 

Sexual Reproduction 

Males and females of the species are re¬ 
sponsible for this form of reproduction. 
They produce cells specialised for repro¬ 
duction which are called sex cells or ga- 
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Fig. 40.1 A. Binary fission in Amoeba (1 to 6). (Note that the division of the cell body takes place after the 
division of the nucleus); B. Stages of fission in Paramoecium; C Transverse fission in 
Planaria 


metes. The" male sex cells are called 
sperm cells and female sex cells are 
known as ova (sing, OVUM). The fusion of 
one sperm cell with an ovum produces, a 
ZYGOTE. The single-celled zygote contains 
all the chromosomes originally present in 
the two gametes. Repeated mitosis of the 
zygote forms a multicellular embryo 
jjvhich gradually develops into a full- 


grown animal. 

ISOUamy is the union of two cells of 
identical structures. This occurs in many 
unicellular organisms such as Monocystis. 
But in many animals, union takes place 
between two gametes of different sizes 
and structures. One of the gametes is 
smaller in size, motile and deficient in 
stored nutrients; it is called male gamete, 
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12 hrs 24 hrs 48 hrs 

Fig. 40.2 Bud formation in Hydra 

MICROGAMETE or SPERM. The other is Parthenogenesis 
much larger in size, non-motile and laden This is a special form of reproduction in 
with stored nutrients; it is called female some of the animals which normally carry 
gamete, MACROGAMETE or OVUM. The ou t sexual reproduction. It is the develop- 
union between two such dissimilar ga- ment of a fully formed animal directly 
metes is known as ANISOGAMY. from an unfertilised ovum. In honey bees, 

Sperms and ova are produced in higher queen bees and worker bees are developed 
animals by organs called gonads. The from fertilised ova. Drones (males) are 
male gonad called testis produces produced parthenogenetically. 
sperms; the female gonad called ovary 

produces ova. In earthworm, leech and Mammalian Reproductive System 
tapeworm, the same animal carries both Sexes are separate in mammals—males 
testes and ovaries. They are called BISEXU- and females. Each sex possesses reproduc- 
AL animals (HERMAPHRODITES). Most tive organs, reproductive ducts and acces- 
vertebrates and many invertebrates are sory structures. The primary sex organs 
unisexual animals^ the male animal car- are testes (sing, testis) in males and ova¬ 
ries only testes and the female possasses ries in females. Besides producing ga- 
only ovaries. For sexual reproduction, metes, they also secrete sex hormones, 
higher animals possess highly evolved re- Their growth, maintenance and functions 
productive systems. are regulated by gonadotropins of the an- 
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terior pituitary. The organs which per¬ 
form important functions in reproduction 
but neither produce gametes nor secrete 
sex hormones, are called SECONDARY SEX 
organs. These include the prostate, semi¬ 
nal vesicles, vas deferens and penis in 
males, and the Fallopian tubes, uterus, va¬ 
gina and mammary glands in females AC¬ 
CESSORY OR EXTERNAL SEX CHARACTERS 
are those distinctive structures or charac¬ 
ters which distinguish the two sexes of a 
species in appearance but do not directly 
play any role in reproduction. In human 
beings, these include low-pitch and high- 
pitch voices of man and woman, respec¬ 
tively, and male and female patterns of fa¬ 
cial and body hair distributions. The 
details of human reproductive system are 
described below. 

Male Reproductive System 

The male reproductive system of mam¬ 
mals consists of paired testes, several ac¬ 
cessory glands, a duct system and a mating 
organ called the penis (Fig. 40.3). TE.STIS is 
the primary male sex organ. It produces 
spermatozoa and secretes the male sex 
hormone testosterone. The human testis 
measures about 4 cm, 3 cm, and 2.5 cm, • 
respectively, in length, thickness and 



width. It is covered by thick connective 
tissue sheaths. In man, both testes nor- 
maily remain suspended in a pouch called 
scrotum outside the abdominal cavity. 

I his keeps the testes at a cooler tempera¬ 
ture than the body temperature—this is 
essential for the maintenance and func¬ 
tion of the spermatogenic tissue of the tes¬ 
tes. In some seasonally breeding mam¬ 
mals. testes descend into the scrotum in 
the breeding season but ascend back into 
the abdomen m the non-breeding state, 

Kach testis contains numerous tiny, 
highly convoluted tubules, called seminif¬ 
erous TUBULES (Fig. 40.4). They consti¬ 
tute the spermatogenic tissue of the testis. 
Cells lining these tubules give rise to sper¬ 
matozoa which are released into the 
lumen of the tubule Groups of polyhedral 
cells, called interstitial cells of 
LEY DIG, are located in the connective tis¬ 
sue around the seminiferous tubules. 
They constitute the endocrine tissue ofthe 
testis. I.eydig cells secrete testosterone 
into the blood. Seminiferous tubules unite 
to form several straight tubules which 
open into irregular cavities in the posteri¬ 
or part of the testis. Several tubes called 
vasa FPFERENTIA arise from the cavities 
and conduct spermatozoa odt from the 
testis. 

The duct system consists of tubes 
which conduct sperms from the testes to 
the outside. It starts with vasa efferentia 
which arise from each testis and become 
conflue it to form a folded and coiled tube 
called epididymis behind each testis. The 
epididymis stores the sperms temporarily. 
Fiom each epididymis, a partially coiled 
tube called vas deferens ascends into 
the abdomen, passes over the urinary 
bladder and receives the duct from the 
s eminal vesicle behind the urinary blad¬ 
der to from an ejaculatory DUCT. The 


Fig. 40.3 Male reproductive system of human 



ANIMAL REPRODUCTION 


713 



Fig. 40.4 A transverse section of testis of an adult human, male, (diagrammatic) 


latter passes through the prostate to open 
into, the urethra shortly after its origin 
from the urinary bladder. The urethra re¬ 
ceives the ducts of the prostate, and 
Cowpef sjdand s, passes through the penis 
anaopensto'the outside. The PENIS is a 
muscular organ used in mating. It is made 
up of a spongy muscle tissue which, when 
filled with blood, causes stiffening and 


erection of the organ. 

ACCESSORY or SECONDARY GLANDS in¬ 
clude a prostate, two seminal vesicles and 
two Cowper’s glands. The prostate is sit¬ 
uated around the first part of the urethra 
and secretes its fluid into the latter, semi¬ 
nal vesicles are situated behind the 


bladder 
with 
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secretion enters the vas deferens through 
their ducts. cowper’S glands are situat¬ 
ed beneath the bladder and behind the 
urethra, into which their ducts open. 
SEMEN is the fluid mixture of spermatozoa 
and the secretions of these accessory 
glands, which comes out through the ure¬ 
thra. The accessory or secondary sex 
glands secrete juices which provide the 
fluid medium for transporting spermato¬ 
zoa, supply nutrients to them and main¬ 
tain their viability and motility by provid¬ 
ing the proper pH and ionic strength. 

The duct system, accessory glands and 
penis are secondary male sex organs. 
Their growth, maintenance and functions 
are promoted by testosterone secreted by 
Leydig cells. On the other hand, the 
growth, maintenance and functions of 
seminiferous tubules and Leydig cells are 
regulated, respectively, by FSH and Lll of 
anterior pituitary. 

Female Reproductive System 

The female reproductive system consists 
of two ovaries, oviduct, uterus, cervix, va¬ 
gina (Fig. 40.5) and accessory genital 
glands and the mammary glands. The 
ovary is the primary female sex organ. It 
produces ova and secretes the female sex 
hormones, viz. estrogens and progeste¬ 
rone. The human ovary measures about 3 
cm, 2 cm, and 1 cm, respectively, in 
length, breadth and thickness. It has an 
ovoid shape, is situated near the kidney 
and remains attached to the abdominal 
wall by ligaments. Each ovary contains 
many large and small, spherical or oval, 
sac-like masses of cells; these cell masses 
are called ovarian follicles or graafi¬ 
an FOLLICLES (Fig. 40.6). They occur at 
various stages of their development and 
maturation in the ovary. Each ovarian fol- 
licl|5 carries a large, centrally placed ovum 



Fig. 40.5 Female reproductive system of human 

surrounded by many layt.s of granular 
cells. In a maturing follicle, these cells se¬ 
crete estrogens in the blood. The ovary 
may also contain a large mass of big, coni¬ 
cal, yellow cells, This structure is called 
CORPUS LUTEUM. The latter is formed 
from a ruptured Graafian follicle after its 
ovum has been released. Cells of the cor¬ 
pus luteum secrete progesterone in the 
blood. 

The duct system consists mainly of two 
Fallopian tubes, a uterus and a vagina (Fig. 
40.6). The spermatozoa received from the 
male moves upward to the Fallopian tubes. 
The ovum may be fertilised by a sperm in 
the Fallopian tube. The fertilised ovum 
starts dividing and at the blastocyst stage 
gets implanted on the wall of uterus and 
develops into the growing foetus during 
pregnancy. Each Fallopian tube is a mus¬ 
cular tube starting near the ovary from an 
open fimbriated funnel-shaped end. The 
tube measures about 10 cm in length in 
human females. Its lumen is lined by ciliat¬ 
ed epithelial cells. The ovum, released 
from the ovary, enters into the Fallopian 
tube through its open fimbriated end; 
it is then conveyed by the ciliary 
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Follicular epithelium Mature follicle Ovulation apd ovum with 

corona radiata cells 


Fig. 40.6 Sectional view of duct system and ovary of human female (diagrammatic) 


movements of the epithelial cells towards 
the uterus. The two Fallopian tubes open 
into a strongly muscular sac called UTER¬ 
US. The latter is situated above and be¬ 
hind the urinary bladder and remains at¬ 
tached to the body wall by ligaments. The 
foetus grows in the uterus during pregnan¬ 
cy. The human uterus measures about 8 
cm, 5 cm, and 2 cm, respectively, in 
length, breadth and thickness. Its lumen is 
lined by a mucous membrane called en¬ 
dometrium which is highly vascular and 
very rich in glands. The uterus opens into 
an elastic muscular tube called vagina. 
The latter measures about 8 cm in length 
and opens to the exterior between the ure¬ 
thra and the anus. The vagina receives 


the semen from the male during mating. 
During child birth, it conveys the child to 
the outside. 

You may recall that the ovary is regu¬ 
lated by pituitary gonadotropins. The 
FSH of anterior pituitary stimulates the 
growth, development and hormone secre¬ 
tion of the Graafian follicle and matura¬ 
tion of the ovum. The LH of anterior pitu¬ 
itary stimulates rupture of the mature 
Graafian follicle and liberation of the 
ovum from it (ovulation). It also changes 
the ruptured follicle into the corpus 
luteum and stimulates the secretion of es¬ 
trogen and progesterone from it. On the 
other hand, estrogens and progesterone 
secreted by the ovary control the growth 
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and functions of female secondary sex 
organs. 

Most birds possess only the Left 
ovary and the left oviduct for con¬ 
veying the ovum released from the 
ovary. The right ovary and the right 
oviduct are normally reduced to ru¬ 
dimentary vestiges. The avian ovary 
does not form a corpus luteum from 
the ruptured ovarian follicle which 
undergoes rapid shrinkage. The uter¬ 
us is absent Instead, the left oviduct 
leads to a swollen tube called shell 
gland. When the egg reaches here 
through the oviduct the shell gland 
deposits calcium salts on it to form 
the egg shell. 


Gatnetogenesis 

Gametogenesis is the formation of ga» 
metes forsexuaireproj jucUoMFig. 4Q.7k 
Tiametogenesis is carried out in the go¬ 
nads; spermatogenesis is the production 
of sperms inthetestis, and oogenesis is the 
formation of ova in the ovary. 


S permatogenesis takes place in thetaem^ 
hjJkro'us tu buTesj of testes by repeated divi¬ 
sions of spermatogonia (Fig. 40,8). Sper- 


but they possess separate nuclear materi¬ 
als, The last stage, i.e. spermiogenesis, iiu 
volves njixdLdivisio'nJt is 
s permioRcnesis that maturing intercom 
nectedg amcres sft plml&r'from 


SPERMATOGONIA are dipl oidj2n) cells 
on the wall of seminiferous tubules. Each 
sperm^ogonium divides mitotically to 
form t WO ^RIMARY SPERMATOCYTES (Fig 
40.7),'^TpToidandlnterconnected bytheir 
cytoplasm. However, the interconnec- 1 
tions have not been shown in Fig. 40.7 for 
the sake of simplicity. Both th<> p rimary 
spermatocytes then underg o ^ jneiosis 171 
each giving rise to two haploid inyStjM 1 
5aRY SPERMATOCYITS ATI 
dary spermatoc ytes from a single spermat- 
.QgoniujD rcma ifr interconnected by their" 
cytoplasm. The n* the secon daTy spermat¬ 
ocytes undergo frieiosis iDend pro ducing 
two haploid cells calle dSPERMATliSS . Con- 
“ seauentl y. ea ch spermatogonium gives 
rise tc(^eigl\t interconnected spermatids. 
The latter tnen undergo transformation, 
each int o a haplo id apri fWjlatpd sper¬ 
m atozoon, by the process Q^s Bscmflgfig ' 
_jis . During the process spermatozoa sepa¬ 
rate from each other and are released free 
in the lumen of the seminiferous tubule. 
They are carried to the epididymis where 
they acquire motility during their tempo- 


matogenesis occurs in four stages: rary storage. Testosterone seems to pro- 
SPERMATQC^GENESIS. MEIOSIS I , MEIQ- JPQtfr their motility, 
Sis^ aDd spERM^QENESig rTheTirstthree The growth and maintenance of semi- 
si^Ss involve divisions of the spermato- niferous tubules as well as spermatogene- 
genic cells. Although the nuclear division sis jgquire ^ loatec-tenap firature than that 
occurs in each of these three stages, cyto- iasTde" theabdomen. Thins provided by 
kinesis or cytoplasmic division is not the descent of the testis from the abdomen 
■ complete in the daughter cells in any of to the scrotum. Failure of testes to de- 
‘1 these three divisions. So all the the scend into the scrotum causes the reten- 
, daughter cells, produced from a single tion of testes inside the abdomen and ex- 
mother cell by these three divisions, re- pose them to high abdominal 
V ffla ? n interconnected by their cytoplasm, temperature. Spermatogenesis cannot 
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Connective Iissub 


Primary spermatocytes 


'Sertoli cell 


^^>$Bcondary 

spermatocytes 


Spermatozoa 


Differentiating spermatozoa 


Fig. 40.8 Cross-section through a small pan of seminiferous tubule of testis 10 show some stages of 
spermatogenesis (diagrammatic) 

take place at this temperature and sterility triple is situated at the Junction of the 


results. The FSH of anterior pituitary pro 
motes the descent of testes into the 
scrotum. 

H UMAN sper m atozo on is a long, flag- 
ellated, motile ceflTTTffas a flat oval head, 
a narrow neck , a middle tffece and a long 
narr owtaiTendinein flagellum f Fie745.9) 
fht head contains the nucleus. The Golgi 
^modified to form a sheath called 
^ >n the first part of the head. 
|everal fine fibrils or microtubules run 
ioT^-at the neck to the end of 


v triple is__. __ _ 

-* P 'i mH<Ile piece with the tail . Flagellarmove-- 
ments enable the sperm to ascend along 
the female reproductive tract. You will 
learn more about the differentiation, 
structure , and function of the mammalian 
spermatozoa in the next chapter. Sterility 
results if the sperms are immobile, struc- 

4. .11 _ i . . _i ____* _L ^ ^ . *Lrt 


turally abnormal or poor in number in the 
semen. 

Oogenesis 

Oogenesis or formation of ovum is carried 


k the tail through the miH Hlp pjp pe and a re out in t Ke Graafian follicle} of the ovary 
enctfcled by a spiral sheath. A second cen- -The maturing' Ciraatian tollicle contains a 
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oocyte into a haploid mature ovum and a 
second polar oogy. B efore the nucleus nf " 
thYmaiure ovum gets organised after mei- 
osis II, its n uclear material mixes with 
that from the head of thq sparm.. Parity 
the_oyunu- Thus, a [fertilised QVUMV e- 

ber. Further details of the fertilisation 
process in mammals have been dealt in 
chapter 41. 

You should note that whereas a pri- 
^apLSOprmatOfiytsfflv e s.rise to four speir 
~ma tr>zna> only one ovum is produced 
from a primary oocvte. This provision for 
aJ'ar higher, number of spermatozoa is 
commensurate with the fact that the task_ 
of searching out the ovum in the female"! 
r eproductive tract has been left to the 
sperms; on the contrary, the number of 
ova produced at a time has to be limited 
for re stricting the number of offspring, 
within the capacity of the mother to bear 
and rear them. """ 


Menstrual Cycle 


Fig. 40.9 Structure of a human spermatozoon 

diploid f2nl primary OOCYTE at its cen- 
trert mrraergQc.s meiosis 1 tq produce two 
ha pjoid(n) cells; theTargerTmeuJS a..S££)Q]^- 
DAR Y_nnr:yig and the smaller one is 
called POCar (Fig. 40.7). During 
meiosis I of the primary oocyte, the Graaf¬ 
ian follicle comes to the ovarian surface. 
Immediately after meiosis h it ruptures to 
elect the secondary no cvte near the open 
en d nf the Fallppian tub e. As the $econ-_ 
dary oocyte is carried down the Fallopian' 
tube by ciliary mnyements of its cells, the. 
o ocyte already Smarts it s (meiosis llil but 

u meiosis 11 remains suj_ 

/jfagg gdUttil a sperm enters the se condary 
/ Spcvte. This recommences the suspended 
meiosis 11 which divides the secondary 


Throughout the reproductive part of life, 
the mammalian female produces ova at 
intervals from the ovary. Each time the 
ovum starts maturing, the secondary sex 
organs also commence some growth 
changes to prepare for the reception of the 
expected fertilised ovum and the continu¬ 
ation of the anticipated pregnanc y^The 
ovum, unless fertilised bv a s perm. re ; 
jpains viable in the female , reprodu 
Tract for o nljflr^gl^fdavaaftqr nvil 1 a - 
tion. b o, it tn^vu^amto be fertilised 
"within this period, pregnancy is not ex¬ 
pected immediately and the female repro¬ 
ductive organs undergo some temporary 
involution with break-down of their over¬ 
grown tissues. Then, the ovary starts pre¬ 
paring for the maturation and ovulation 
of the next ovum apd the secondary 

j , • h \ ' / 
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Fig, 40,10 Hormonal control of reproductive function m human female (M *» Menstruation; R —Recovery; 


I-Interval and PM-Premenstrual) 

sex organs start their growth changes 
again. In this way, changes are repeated 
regularly in a cyclic manner in the female 
reproductive system, These cyclic changes 
constitute the menstrual cycle in primate 
females including women, and the estrous 
cycle in other mammalian females. 
'■‘The cyclic changes in the reproductive 
l^t of die primate female extend over 


more or less a month (mensem). Unless 
pregnancy has taken place, these changes 
end with a discharge of blood carrying 
broken tissue materials through the vagi¬ 
na. This monthly flow of blood is called 
menstruation. Hence the name ‘men¬ 
strual cycle’ for the cyclic changes in the 
reproductive tract of the private 
females. ■■ 










During menstruation, ffinsiderahla contractions of uterine muscles are con- 
parts^ f thft muc o us membrane and gland s siderably increased to enhance the uterine 
jjrewoken ite wn and lost from the linings movements, the Fallopian tube epitheli- « 
of utg jaL- F allopian tubes ~a n]J^ 1 y'agina. um gets thickened and its cilia and their 
This thins out tireir mucosae. Xhe uterin e movements are increased. While these , 
J)loodj tfggg fer5ft? also ruptured to cau55 changes in the Fallopian tubes are intend- 
the-bleedin g. Alter mekiSuuabOu ed for conveying the ovum down those 

Li£EHXii\JLEHASE^ starts with growtOSl tu bes, the uterine changes are in prepara- 
Droliferatian-of-tk^i jes on the walls o f tion for the expected pregnancy (Fig. 
ytmia^allaoiaojubes and vagina. In this 
phase, in a couple of days, the broken mu¬ 
cous membranes of uterus and Fallopian 
tubes u»ier|o some repairs such as the 
formation of a continuous, epithelial lin¬ 
ing on/the mucous membrane and the re¬ 
pair cl ruptured blood vessels in it. Then 
an om qan follicle starts growin g and ma¬ 
turing intqjt matu rfifollH* An 

ovum gradr^ilyrnatures in the follicle and _ 

estrogens are secreted from the maturing ondary sex organs t o further theTprepara- 
follicle. Estrogens reach the secondary sex tions for the anticipated pregnancy, the 
organs and stimulate growth and prolife- uterine endometrium thickens further, 
ration in'their mucosae. The uterine mu- uterine glands become more cork-screw- 
cosa o r endometrium thic kens considera- shaped and begin secreting a juice in the 
bly, Uterine g)ands'~"5kmgate and uterus, and uterine movements are re- 
ultimately become ^cork-sciew-shaped, duced to keep the ujgoitfluiet. AH these 


40.10). Tl^_prnlifergtjv^ phittfe-gvt p r d S y 
( hr about 10-12 days and near its end, the 
oyilil Lis ejected (ovulaTion ijrrQ iTpfhe, 

Graafiaatollirle^oiSy^mprolifera- 
tive phase is followed by a secreto ry 
JHASEe xtendine over the next T2-14da^Sr - 
ln this phase, the ruptured follicl echanye^ " 
into a corpus luteum in the ovaryj pid-pco-r- 
"gesterone is secreted from that structu re 
Vfogesierone produces changes in thesec- 


ESTROUS CYCLE 

The estrous cycle consists of cyclic changes in the female reproductive system of 
non-primate mammals, It differs from the menstrual cycle in two respects. There 
is no menstruation at the fend of an estrous cycle in spite of the breakdown of tis ¬ 
sues in the female reproductiv e tract. Moreover, near the time for ovulation at the 
middle of the cycle, the high blood litre of estrogens arouses a strong sex urge in, 
the female animal. This state is known as the estrus or ‘heat’—the animal receives^', 
the male animal only during the short periods of estrus, extending generally over> 
only several hours (e.g. 18 hours in cow) and not during the rest of the cycle, No.;-| 
Such specific period of estrus is seen in the menstrual cycle—there the female am-Jy 
mal may receive the male at atiy part of the cycle. Except for these two distindtiohs|| 
the estrous cycle shows events and changes in the female reproductive organs sira^ 
Uarto those in the menstrual cycle. The regulation of the estrous cycle is also 
lar to that of the menstrual cycle—changes in the first half of(he estrous cycle arfivi 
controlled by estrogens and those in the,later half by progesterone. ■ ■ 1 y 




Many animals, both domestic and 
wild, possess the ability to reproduce 
[ in only some parts of the year. The 
period of die year when an animal 
, may breed, is tilled its breeding 
SEASON, e.g, autumn for sheep, and 
spring and autumn for bitches. The 
estrous cycles run only during the 
breeding season. In many male ani¬ 
mals, the testes descend into the 
scrotum only during the breeding 
season. The rest of the year is called 
non-breeding season. Throughout 
the non-breeding season, the estrous 
cycles remain suspended in the fe¬ 
male animal; this suspension of es¬ 
trous cycles is called the state of 
, anestrum. 

Many other animals such as cow 
and buffalo run the estrous cycles all 
through the years; they are continu¬ 
ously breeding animals and have no 
* specific breeding season. 


uterine changes help in the implantation 
of the fertilised ovum on the uterine wall. 
Progesterone also inhibits further follicu- 
lar^giaturation and ovulation from the 
ovary in this phase. If the ovum has not 
be en fertilised, the corpus luteum under- 
“ Bffis degene ration"m the nv^ry to wards, 
' theerid Of th is nhasft and <». 

cretion declines. The overgrown endome¬ 
trium cannot be maintained in the uterus 
and Fallopian tubes. They begin to break 
down, blood vessels in the uterine endo¬ 
metrium start bleeding and menstruation 
starts. It extends over the n ext 4-tiriayc t 0 


be followed by the next menstrual cycle. 

_ Estrogens secreted by the Graa fian fol. 
Iicle control the changes m the secondary 
sex organs in the first half of the menstrual 
cycle. So this half is also called ro^Lim 
U iy^TdVii o f - the - ny cfe. At the beginning' 
"of the cycle, the ^FSH is secreted fmm % 
a nterior pituitlr^ndin^ ^ 

and the m 

getionfl f rrtr og r tu . When the blood titre 
of estrogens rises to a peaiuisgLthyrdd^ 

^ecretinn.The LH then r stimulates ovu la- 
imtL.fo^mati on ofcoi^uslut eum and Drip 
geasr one secretiaD . Changesftrthe later 
half of the cycle are controlled by proges¬ 
ter one. So. this half is ca JJgdfTUiEKfr 
ffiftSEalsoV'I owards the end oTtnis phase, 
the high blood litre of progesterone causes 
feed-back inhibition of secretion of the pi¬ 
tuitary gonadotropin. The corpus luteum 
d egenerates as a result and progest e rone* 
sftctrtinn cause of a decline TntHT 
blood levels of ovarian hormones, the 
overgrown tissues cannot be maintained 
in the uterus and Fallopian tubes; they 
break down, causing menstruation. With 
the fall in blood levels of ovarian hor¬ 
mones, FSH secretion starts again and ini¬ 
tiates changes for the next follicular phase. 
In this way, changes in the menstrual cycle 
are controlled by ovarian hormones 
whose secretions are ultimately regulated 
by a cyclic pattern of. pituitary 
gonadotropin secretions. 

The menstrual cycle and menstruation 
remain suspended during pregnancy. 
They arealso permanent ly.discontinued 1 
fr om around 50 years of a ge; this is calTS^T 
menopause . Ability to reproduce is lost 
in ine'lemale after menopause, 




■ ANIMAL reproduction 


SUMMARY 


Animals may reproduce by asexual and sexual modes. During budding, a special 
kind of asexual reproduction (vegetative) in Hydra, a vegetative part of the body en¬ 
larges as an outgrowth and gets detached from the parent body to form a new 
organism. In asexual reproduction by fission, the body of Hydra or a fiatworm di¬ 
vides into two halves, each forming an independent organism. In sexual reproduc¬ 
tion, gametes or sex cells from two animals of different sex unite to produce a zygote 
whose repeated mitoses form a multicellular embryo. Syhgamy is the union of two 
cells to form a single cell during sexual reproduction. It may be isogamy if both cells 
are of identical structure, and anisogamy if one cell is a smaller and motile sperm 
and the other a larger, food laden, ndn-motile ovum. Sperms and ova are produced 
by testes and ovaries, respectively. Bisexual animals have both these gonads in the 
same individual. Unisexual animals belong to two sexes, the male carrying only tes¬ 
tes and the female possessing only ovaries. 

Parthenogenesis is the development of a full-fledged animal from an ovum with¬ 
out its union with any sperm. 

The. reproductive system of sexually reproducing animals consists of primary sex 
organs, viz. testes and ovaries, which produce gametes; secondary sex organs such as 
prostate and seminal vesicles in the male and uterus and Fallopian tubes in the fe¬ 
male, which participate in reproduction but do not form gametes, and accessory sex 
characters, which distinguish the two sexes in appearance. 

The male reproductive system consists of two testes suspended in the pouch of 
scrotum, a paired duct sysiem consisting of epididymis, vas deferens, ejaculatory 
duct and male urethra, and secondary sex organs including a prostate, two seminal 
vesicles, two Cowper’s glands and a penis. Testes form sperms and secrete testoster¬ 
one; prostate, seminal vesicles and Cowper’s glands secrete fluids which mix with 
sperms to form the semen; the duct system conducts the semen to the exterior. 

' The female reproductive system consists of two ovaries, and a duct system of two 
Fallopain tubes, an uterus and a vagina. Ovaries produce ova and secrete estrogens 
and progesterone; the Fallopian tubes conduct the ovum towards the uterus; the uter¬ 
us lodges the growing foetus and opens to the exterior through the vagina. 

Spermatogenesis takes place in the seminiferous tubules of testes. Spermatogonia ,i 
(2n) divide mitotically into primary spermatocytes (2n) which divide into secondary 
spermatocytes (n) by meiosis I. Secondary spermatocytes divide into spermatids (n) 
by meiosis II. Spermatids are transformed into spermatozoa (n) by spermiogenesis. A 
human spermatozoon is a long, flagellated motile cell having a head, a middle piece 
and a tail. 

Oogenesis takes place in the Graafian follicles of ovaries. Each primary oocyte ■ 
(2n) divides by meiosis I mu?secondary oocyte (n) and a polar body (n). The secon¬ 
dary oocyte divides by meiosis II into an ovum (n) and a second polar body(n). 

The menstrual cycle consists of cyclic changes in the reproductive tracts of pri¬ 
mate females, culminating into a menstrual flow ofblood from the vagina. It consists 
of two phases, proliferative and secretory. The first phase follows the proceeding 
menstruation and consists of growth and proliferation of tissues on the walls of uter¬ 
us, Fallopian tubes and vagina. In the ovary, a Graafian follicle grows, matures and 



secretes estrogens in this phase. The ovum is ejected from the follicle near the end of 
the proliferative phase. The ruptured follicle subsequently changes into a corpus 
lutcum which secretes progesterone during the secretory phase. In the secretory 
phase which follows the proliferative phase, the uterine endometrium and glands 
grow further and the glands secrete a fluid in the uterus. At the end of this phase, the 
corpus lutcum degenerates in the ovary, progesterone secretion fails, the overgrown 
uterine endometrium breaks down and menstruation takes place. The first half of the 
cycle is called the follicular phase and the second half is known as the luteal phase be¬ 
cause the changes in those phases are controlled by estrogens and progesterone, re- 
speciively. The secretions of these hormones occur cyclically because of the cyclic se¬ 
cretions of pituitary gonadotropins in the female. Menstruation results from the fall 
in the blood levels of both types of ovarian hormones. 


QUESTIONS 


1. Distinguish between; 

(a) Asexual reproduction and sexual reproduction. 

(b) Spermatocytes and oocytes. 

(c) Graafian follicles and corpus Iuteum. 

(d) Fission and budding. 

(e) Isogamy and anisogamy. 

(fj Proliferative and secretory phases of menstrual cycle. 

(g) Primary and secondary sex organs. 

(h) Male and female reproductive duct systems. 

(i) Seminiferous tubules and Leydig cells. 

(j) Spermatogenesis and oogenesis. 

(k) Vas deferens and vasa efferentia. 

2. Mark the wrong item in each series: 

(a) Spermatocyte; polar body; spermatid; spermatogonium. 

(b) Endometrium; corpus Iuteum; acrosome; Graafian follicle. 

(c) Vas deferens; Fallopian tube; epididymis; Cowper’s gland. 

(d) Testes; prostate; seminal vesicles; Cowper’s glands. 

(e) Fallopian tubes; vagina; uterus; ovaries. 

3. Match the items of Column A with items of Column B: 


Column A 

(a) Isogamy 

(b) Acrosome 

(c) Proliferative phase 

(d) Leydig cells 

(e) Spermiogenesis 

(f) Secretory phase 

(g) Bisexual animal 

(h) Endometrium 


Column B 
<i) Spermatid 

(ii) Estrogens 

(iii) Earthworm 

(iv) Progesterone 

(v) spermatozoon 

(vi) Testosterone 

(vii) Monocystis 
(viii) Menopause 
(ix) Uterus 



4. Fill in the blanks with correct words: 

(a) Changes in the female secondary sex organs are controlled by 

—--of the ovary in the proliferative phase of the menstrual cycle 

while the changes in the secretory phase are controlled by the 
hormone__ 

(b) Growth of the Graafian follicle is stimulated mainly by_of 

the pituitary white ovulation is stimulated mainly by_of the 

same gland. 

(c) A primary spermatocyte is produced by_division while a 

secondary oocyte results from_division. 

(d) Uterine glands grow and elongate in the_phase of the 

menstrual cycle while they secrete a juice in the_phase of 

the cycle. 

(e) Spermatozoa are produced in the_ o f testes while ova are 

formed in the_of ovaries. 

(f) Corpus luteum secretes_while Leydig cells secrete 


(g) The secretory phase of the menstrual cycle is also called the 


hase because it is controlled by the hormone 


(h) Vasa efferentia conduct the sperms out from the_while vas 

deferens conducts the sperms from the_. 

(i) A secondary oocyte has a __chromosome number while a 

fertilised ovum has a_chromosome number. 

5. Explain the following; 

(a) Failure of te$tcs to descend into the scrotum produces sterility. 

(b) Spermatids possess a haploid chromosome number. 

(c) The first half of the menstrual cycle is called the proliferative phase as well as 
the follicular phase. 

(d) The second half of the menstrual cycle is called the luteal phase as well as the 
secretory phase. 

(c) Primary sex organs control the growth, function and maintenance of secondary 
sex organs. 

6. Write briefly the changes in the following organs in the different phases of the men¬ 
strual cycle: 

(a) Ovaries, (b) Uterus, (c) Fallopian tubes. 

7. Describe the duct system which conducts spermatozoa from the testes to the exte¬ 
rior of the body. Name the hormone controlling the growth and functions of this 
duct system. 

8. Mention the functions of the following; 

(a) Epididymis (b) Fallopian tubes (c) Vagina (d) Uterus (e) Corpus luteum (f) 
Seminiferous tubules (g) Scrotum (h) Graafian follicle. 




CHAPTER 41 



You normally recognise an animal of a 
particular group only in its adult stage. It 
is because at this phase of life an animal 
manifests the characteristic form in ap¬ 
pearance, shape and size specific for a 
group or a species. It also draws your at¬ 
tention by moving and behaving in its 
own way in the habitat it lives in. But it be¬ 
gins its life quite early as an inconspicu¬ 
ous, tiny, and, very often, non-motile 
form. All lyiil ticellular metazoan animals, 
which reprotf rcee sexually sWihfflr1iffta&- 
a tin gle adL This cell is a product of union 
of two cells—the male and the female sex 
cells (gametes). Such a cell is called a zy¬ 
gote, or a fertilised egg or owum. You have 
learnt in Chapter 11 in your earlier class 
how cells divide mitotically or 
meiotically. The fertilised egg starts devel¬ 
opment by repeated mitcJjc divisions 
whic h turn it int o a ball (s phere) -ftLa-diss 
qf f l lai‘^_mnnhf'rn fti n v cftllfi, A sphere of 
cells almost identical in mass and volume 
to the fertilised egg cell is formed. 

You must have seen a heap of bricks on 
the wayside or in youi locality. Perhaps 


you have also seen how a skilled mason 
lays bricks one above the other turning the 
heap of bricks into a beautiful house of a 
specific design. The pattern in which 
bricks are laid decides the characterstic 
appearance of the house built. Thus you 
can readily recognise ^ particular jhouse 
you once visited for its design and also can 
distinguish it from others. In animals, the 
sphere of cells already mentioned may be 
compared to the heap of bricks. The indi- 
. vidual develops from such sphere or disc 
of cells with characteristic appearance 
shape and size. It can also be compared to 
a house having a specific design, shape 
and size made of a heap of bricks. Howev¬ 
er, this is just an analogy. So the spheres of 
cells we encounter in. the development of 
different animals such as a sea urchin, a 
frog, a chick or a human being, though ini¬ 
tially, they appear to be more or less iden¬ 
tical, gradually emerge into individual 
forms completely different in appearance, 
shape, size .and volume. I ndeed,, j 
fertilised egg cell is a specific ‘b lue-print. ; 
for future development - ' 



The story of animal development is a 
fascinating one. In this chapter you will 
study the major events in the process of 
embryonic development (up to the forma¬ 
tion of three germ layers) in mammals. 
The fertilised ovum passes through a se¬ 
ries of dynamic changes and identifiable 
Stages. Eventually, through these changing 
stages it attains an adult organisation 
often made up of millions and trillions of 
cells. In totality, the structural changes in 
a zygote leading to the formation of adult 
form are called EMBRYONIC DEVELOP- 
MENT. In this dynamic process, you will 
witness a unique succession of stages in 
preparation as also the succession of actu¬ 
al stages of development. These are: 

(i) the formation and differentia¬ 
tion of sex cells or gametes 
( GAMETOGENESLSl 

(ii) the union of male and female ga¬ 
metes (FERTILISATION) . 

(iii) the rapid multiplication of the 
zygote to form cluster of cells 
( SEGMENTATION or CLEA VAGE 
. or blastulatiqnY 

(iv) the movement ana transport of 
cells in the spherical or discoi* 
dal mass of cells already formed 
IGASTRULATION) to develop a 
three-layered structureoTrei 
, ented cells (germlayers), an? 

(v) "the differentiation of cells at dif- 

ferent specific locations of germ 
layers of the developing embryo 
to form di fferent org ans and 
' ' organ-systems (organogene . 

r' S IS.or ORGANFORMATIQNV 

li In general, the above stages of develop- 
' ment are, to a great extent, similar in di- 
l^yerse groups of higher animals andLpccur 
; ! universally in an orderly sequence. " 


E'rom the account of gametogenesis 
given in ChapteMILiOu can understand 
well that o rdf?5per cenVof the resultant 
cells of oogenesis becomelui^iAnaUj,^ '' 
wher eas in sbe rmatogen esig'lQQnftr ^ 


ogenesigTOQ per.. ... 

of the total number of cells formed are 
l emiailv functiona l. Let us study i'n fttHT 
more details the differentiation, structure 
and function of sex cells. 

Differentiation of Spermatozoa 

SKSgatSSSithe process of differenti- 


* 

atio 


'tion of spermatids into spermatozoa, is 
an elaborate one. In this pr ocess of meta- 
mornhosis of a spermatid^ the ducleuT 
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Fig. 41.1 An electron microscopic view of a mam¬ 
malian sperm (diagrammatic} 






fy-rnmes exceedingly com 


bclk of the sperm head . T 
apparatus of the .spermaria undergoes ~ 
thorough modification to form 
ayin1jilf ,m,>nt r>fthf ‘ tgn 'l of the sperm . The 
^ffo pjasm i s reduced extremely in bulk, 
■HvTngrisd* to a n_ enve lope with a tiny 
tmckened ca flfA^OSOME}. at the tip of the 
head of the spehrraMTftne investment of 
the axial filament of its middle piece and 
'tail (Fig. 41.1). 

Structure and Function of Spermatozoa 

Besides a few exceptions, the basic struc¬ 
ture of sperm is the same in all animals. 
The structural organisation of sperm is 
such t hat it provid es the sperm the unique 
p owerof motility^ The typical mammali¬ 
an sperm”, as you know, has four body 
parts; head , neck^ m iddle pie ce and tail. 
Each part is specialised to perform a spe¬ 
cific function. 

The advent of electron microscope has 
revealed the finer structures of sperm. The - 



c ompact mass of m _ 

fre Sentrps omaP the middle-piece "contains oxidative!.e n- 
z yines to supply energy for metabolism 
and movement of the snerm. Th e tail is 
made up of a central axial filam ent sur¬ 
rounded by a small-amount of cytoplasm 
and cell m embrane as a n external sheath. 
The* snerjTn^onngiQifi^by_t he undulating 
movement ottIWtaii.[Propulsion ~of the 
sperm through Female ducts and canals 
needs a liquid medium. The sperms virtu¬ 
ally swim in the liquid medium a consid¬ 
erable distance to reach the ovum. 

Differentiation of Ova 

In ovary, egg nests^re-dunrredvby the 
breaking up of thedjmgerous cord) A few 
cells are always founrF*intue mnymm 
cord and nests which are grown larger 
than the neighbouring oogomai celisT 
These enlarged cells grow to mrm pnriTSfy 
o'os5fia T The neighbouring oogonlai ceils 
"forego the potentiality to become primary 
oocytes and encircle the growing primary 


sp erm head consists of a large nucleus and oocyte—the future ovum. These ^paller 
an acrbsome. The highl y compact n ucleus cells surrounding the growing primary o» 
contains only rn mreEnfrated DN Al The cyte collectively act as protecting and 
acrosome at the tip of the sperm head is a foo , d=Purvevmg investment. In mammals, 
compact mass with a double-layered "this cell-cluster (including the future 
membrane. This membrane extends down ovum) thus formed is termed primary 
the outer surface of the nucleus to form ovarian (graafian) follicl e Eventual- - 
the head cap of the nucle us (Fie . 41.1). ly, a fluid-filled cavity is formed inside the 
During fertilisation the fecrosome facili- follicle. With the increased accumulation 
st ates the pp.hp.traf.fan"'dt the sderm into tKeL of fluid, the follicle enlarges in size and 
ovum bv s'j^ilffi'n rsorne.enz ymes. These protrudes from the ovary. The enclosed 
enzymeSTnssolve the membrane envelop- ovum becomes many times larger in di- 
ing the ovum and help the sperm head to mension in comparison to the enveloping 
enter the ovum. The short neck co ntains follicle cells. Because of the scanty yolk 
two distinct granules—th e proximal and ^ content, the mammalian ovum is relative- 
distal r.p.nt riftlfts- The proxi mal ce ntriole ly smaller in size with the centrally located 
flays a'drociSTFole during th e first div i- nucleus in the cytoplasm. The cell mem- 
sipn of thp. ovum. T he distal one brane of )he ovum becomes considerably 

gives,*, attachment to the axial filament- thickened; Further differentiation car- 
of the lone tail ot the spetm. 'The ries the ovum on a slender 
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) O^A5oHPr«.2 A human ovum invested by radially arranged follicle ecus tcorona radiata) 

swk of cells which eventually releases the released, 
mature ovum in the follicular fluid. Final¬ 
ly,the mature follicle ruptures and releas- Fertilisation: Union of Sex Cells 

es the ovum. Fertilisation is a dynamic procs ss-which 

results in the fusi^n of the sperm with an 

Structure of Ova ovum tQ produce a single diploid cell^ J 

Ova are rounded spheres and non-motile. qalled zygote. In fact. Thes oerm contriiffl 
^ In higherma mmals. pyq.are almost with- ufgrSnTvits nucleu s. I'husTat the genetuT 
Q fyout any volkjtal e tith^ with bulky cyto- f TeveT it brings mtHe coming together of 
y jiasm and centrally located nucleus, parental genes—-both male and female; 
Ovum is surrounded by a secreted trans - hence the hereditary characters. Thus tfitT 
parent, .non-ceiiuiar layer, c alled t ZONA embryonic life of the individual offspring 
peujuqpa . Outside this layer therefrarr begins. 

• festffliht of radially elongated follicle Fertilisation performs two basic func- 
.cellsj rhisceJkla iinvestment is calle djffL tions in the process of embryonic develop- 
RQNA Radiata (Fig . 41,2), The cells otco- ment. First, the contact of sperm within 
rona rarnata continue to cling to the ovum oyuyn an d tHe subseq "*"* thfi 

for some time after the ovum is sperm into fS£aSm activates the ovum. 


u.i U. 4*^1 



F ertilisation in vertebrates such ai 
j mphibian£. (frogs and toads' 
j mam ■’ ' ’ 


female; 


rep- 
ta kes glace 

_ _ JS Lo the 

pr ocess is internal . In lower verte- 
brateslike fishes this process is ex- 
ternsLln fishes and amphibians the - 
^tiiisad eg gs develop uhpromed 


mong land-dwelline ver- 
ggratss, reptiles and hirf ^ ]U 
Tertilis ed eggs covered by the protec - 
iive^EfilLjiQY^ Development of 
hard egg-shell is an important adap¬ 
tation which’protects the zygotes 
and embryos from the dryness of ex¬ 
ternal environment, i.e. the terrestri¬ 
al environment. The- evolutionary 
tmiqueness is witnessed in mam¬ 
mals, where the zygotes and the de~ 
v elopihg embryos stay hTthemoth - 
ers 1 uteri being, anchored bv the 
tra -embrvonic structure, called 
CTNTA>.Thus in mammals the 
eprocess of development com-. 


.pletes inside the mother’s body^ 


FALrnpu N Tr lB B During coitus semen 
containing millions of sperms is deposited 
in the vagina (insemination). The 
sperms travel a great distance through the 
female genital tract beset with chemical 
hazards in the form of strong acid secre¬ 
tions from the female tract. They also 
meet with mechanical obstacles while 
passing through crooked and compressed 
tract which often gets narrowed or occlud¬ 
ed. In an ejaculate of semen, the number 
of sperms is about 200,000,000. Such &V 
huge number ensures the reaching of some 
sperms to the oviduct, the site of 
fertilisation. Actively motile sperms swim 
like tadpoles in the fluid medium at the 
rate of 1.5 to 3 mm per minute to reach the 
site. Usually, only single sperm penetrates 
into the ovum. The area o f the nvivnr 
^which fixtmries fhf> nolar hnijir 
recieves snerm is nailed thppJTMAT PnTjQ 
The pole of the ovmn^p^thTT^tfte -ank 
mal pole is termed the^VEOETAL POiJ . The 
fertilisation process consists ot three „ 
major steps: (i) penetration of the sperm 
in to the ovum (Fig. 41.3), (ii) activation of 
t he ovum, an d (iii) fusion of the sper m 
an d the egg nucleus . After fertilisation the 
fertilised ovum trickles down to the uterus 
for implantation. 

Chemical and Physical Events of 
Fertilisation 

In the process of fertilisation, t he sperm 


This activation is manifested in the ovum 
contpleting the second meiotic divisip n 
and many other "changes which lead the 
fertilised ovum to the next distinct phase 

of embryonic development, i.e. cleav- — . ..,- -- 

AfiF. (also called SEGMENTATION ^. Second-" p enetrates the ovum and enters its territtk. 
ly, it results in the fusion of two haploid - -■- 



mals, fertilisation takes place inside th e 


































C mucoDOlysacc harid^an acid called rm 
LUROKIft acid. J T ne sperm pro'ducesTni 
5zym?T}TYMilSjot>iiQASE (sperm tvsint 
The ctiarigein a mammalian sperm which 
prepares it to fe rtilise the ovum is termed ■ 
BCpaciationV is revealed under the elec¬ 
tron " microscope in this process of 
capaciation, the membrane surrounding 
the acrosome breaks and releases its con¬ 
tents, the sperm lysins. With the help of 
the sp erm lysins the spermpenetrateslire 
Ig-ggroFcorona radiataifollid scfillsland'" 
s ~?n ha pellucida . The sperm establishes 
contact wTtRthe surface of the ovum by its 
lateral surface (Fig. 41.3). This follows 
dissolution of the plasma membrane of 
the ovum and the sperm head at the point 
of .contact, and t he nucleus and cytoplas¬ 
mi c components of the sperm are drawn 
in sffiTthe ovumfF ig, 41,3), 

• The entry of the sperm invokes a chem¬ 
ical signal in the egg cell. The signal is 
transmitted to the egg surface 
incapaciating hundreds of sperms in the 
vicinity to enter the egg cell. The rest of 
the follicle cells around the fertilised 
ovum persist for .some time. However, 
these cells disperse before the implanta¬ 
tion of the fertilised ovum on the inner 
wall of the uterus. 


Fig. 4U Drawings representing some stages (A to 
D) of sperm entry in the rabbit egg 

the cell surface enable the sperm head to 
attach with the cell surface of the egg to be 
-'fertilised. 

‘"you have already learnt about the oc- 
curreace'ofTollicler cell $7corona radiata) 
around the egg e nvelop e o f a mammal ian 
egg. Th e ovum extrudes fromThe pvary 
tjfok 1es - rinwn the Fallopian tube 
hritjjjflSckcla d - bv thn -fhl licle cells / The 
TSUicle cells are glued together by the 


fomn E gg t n. Fj Bbryo__. 

You have just learnt that the fertilisation 
is a crucial biological process which in¬ 
cludes an orderly series of physico¬ 
chemical events. It sets the ovum in the 
path of development of a new multicellu¬ 
lar individual. This developmental course 
is clearly demarcated into distinctdynam- 
ic phases. These phases are strictly se¬ 
quential in nature but may overlap to 
some extent. Development in mammals 
follows the same generalised plan and 



^embryonic development 


733 


interrelated sequences as seen in all higher 
animals including other groups of verte¬ 
brates. However, differences are there be¬ 
tween mammals and other groups of ver¬ 
tebrates far as details of developmental 
mechanisms are concerned. These differ¬ 
ences are mainly due to the type of egg 
cells and the environment in which the de¬ 
velopment takes place. 


Cleavage (Segmentation) 

Cleavage is a unique embryological proc¬ 
ess which transforms the Single fertilised 
egg cell into a sphere of closely aggregated 
multitude of cells. Immediately after 
fertilisation the fertilised ovum (egg cell) 
undergoes a series of cell divisions. The 
ovum, thus, divides repeatedly in close 
successi on . Jfhese divisions are called 
c leavage DIviSIONsST he embryos in all 
higher mammals at an early stage of devel¬ 
opment start deriving nutrition from the 
blood in the uterine circulation of mother. 
As the egg cell contains an extremely small 
amou nt of yolk diffusely dispersed in the ' 
^rytgpTasm as the reserved food, so the" 
amount dr yuik IS SibidlUteiy" insufficient 
f or the nutrition of the developing em¬ 
bryo. In fact, the quantity as also the na- 
fureof distribution of yolk interferes with 
the cleavage divisions of the ovum in 
other vertebrates. In mammals, however, 
due tn the present of insignificant 
amount of volk such interference is ab¬ 
sent. As a consequence cleavage divisions 
cut the ovum t 4tt to. fiOmnlRte daughter 
JThis type olGleavage f^lso called, 

’ SE GMENTATloyjtL in mammal ian ova is 
termed ^mplp hdloblastic, {Cleavage in 
t he mammalian ovum takes place du ring 
its passage through the Fallopian tube to, 


Fig,41.4 



Cleavage In a mammalian ovum (pig) in 
sectional view 

A. two-cell stage; B. four-cell stage; C. six¬ 
teen - cell stage and D. morula stage 
(diagrammatic) 


formation oAbforulw Let us now describe 
fhe embryonic development in mammals 
up to the formation of t hree germ layer s. 
The mitotic spindle of the first cleavage 
division appears in the cytoplasm of the 
fertilised ovum at right angl 
nary axis'which runs tKrough the ovum 
from an! 




‘little mulberry 1 ) (Fig, 4l.4D)r In many 
mammals , the zona pellucida rema ins i n . 
tacuhrougrout the cleavage process! ??* 
i ng the small blastomeres ofmonHaTg^e 
rt^USed with in_thr' ca mT^ pheroidal xp ™ 
t hat was initially occupied bvthefertiHjg 
ovurn^ Thus, cleavage divisioni_ do"nQt 
" ngany appreciable increase in the maw 
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mTBSSSm 
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cells (Fifi.~ 4L4A). The 
r cells are called 




in 
dau 

The p lane of this divisio n coincides jygh 
the .animal-vegetal poleaxis . Immediately 
after the formation of first two blasto¬ 
meres, which remain adhered to each 
other, t he second cleavage division starts. 
The second mitotic spindle is formed in 
each of these two blastomeres. One of 


Differentiation of Blastodermic Vesicle 
(Bias tula) 

Differentiation of a morula into a blasto¬ 
dermic vesicle (blastula) in a mammal 
initiates by the dynamic rearrangement of 
small blastomeres. Due to the rearrange¬ 
ment of blastomeres . a central cavity 
-forms inside the /TToru^ B^ow this sphere 


these two -Wajtomeres usually divides a of cells witha^avi^Tbcated at the centre 
bttle sooqe^than the other, resulting in a j s called/C^STODE^EZSS2ED) (blastu- 
transitory three-cell stage. However, the j a ) (Fig.4T5). This newly developed ceo- 
completion of division ofthe other blasto- tral cavity of blastula is termed 
mere leads,to the characteris tic.fourt een known as segmenta- 

S!3g£(Fig. 41.4B). The second ckavagelTi- *T 3 on caVITy L As an analogy, if the moru- 
vi&iaa^ccmaL dlthtana]ejo.the first di- | a i s compared to the solid cricket ball, the 
t-visi nn a nd 1ft e a ch nt hfit^Sudh^a plane of blastula can be compared to a hollow ten- 
division provides the characterise four- n i s ball. At this phase of devefopmenfTthe 
cell stage—an appearance suggestive of z ona pel lucida. envelope disintegrates. 
^ciassed- dumbbell s. Subsequent cleavage Dj sirLt g pnt i nn ihis f g cilitat es 

divisions proceed one after another in an the hegjpn jng AfrapiH growth of the em- 

orderly manner, but in less precise orien- bryfi fh lf ft nla). — -—> 

tation. Successive cleavage divisions are c 

so rapid that they leave no time to newly The large sized blastocoel of a mamma- 

formed blastomeres to grow. As a copse- lian embryo at this phase of development 
quence, with more and more segmenta- signifies two things. First, from the point 
tion divisions, the resultant blastomeres of view of the developmental history of 
become smaller and smaller (Fig. 41.4). different vertebrate groups (i.e. phyloge- 
After completion of several segmenta- ,ny) t he fluid-fj 
tion divisions the resultant hjastnmftrp^ jhe siie'where the embryos of the ances 
"bagfof n solid ball of cells, wh ich * tors lodg ed food materials ip the formula 


k&l im lm uweirr^ iJhis st age o 
onic developing 
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Fig. 41,5 Transformation of morula into blastodermic vesicle (blaslula) in rabbit. A and B. stages of morula; 
C. initiation of the formation of a central cavity in morula and D, central cavity is more conspicu¬ 
ous and now called blastocoel. Note the prominent zona pellucida around the developing' 


of cells which forms thejjuter; wall of the 
blastocyst is named (TrophoblastI^ 


!*i£3d 


TROPH* 





IW Mil T415 


BiaitocoH 


Trophoblasl 



Iwb (til man 


ThecVns oYtHToutcr wall oithe fHb. 
dermic vesicle do not enter in the forma* 
tion of embfyp proper. The layer of cells 
constituting thethin outer wall of the blas¬ 
todermic vesicle forms protective and 
trophic membranes. These membranes 
eventually develop into foetal portion of 
the placenta fa structure which attaches 
the embryo with the inner wall of the 
mother's uterus). 

In the process of differentiation of the 
embryo, an internal cluster of cells aggre¬ 
gate at one pole of the distended blasto¬ 
dermic vesicle (Fig. 41.6A & B). This clus¬ 
ter of cells is calle d inner cell mass. The, 
inner cell mass is primarily destined, to 
form the body of the developing 
embryo. 

With the completion of differentiation 
halastode r tni^yesiclft within the 
“ mother's 1 uV CT'tf^T^ fng. embryo^ 


y&BBm >d with inner lining. 0 if.,thejl ter: 


T mfirouffly 1 'The- EraggRta . ivext 'develop^ 
mental process is tHe d ifferentiation of 
three germ layers. T hrou&i the character^ 
Istic cellular kinetics these germs layers 
lay the foundation of different organs and 
organ-systems of the developing embryo. 


Fig. 41.6 Two stages (A and B) of development of 
blastodermic vesicle (blastocyst) in pig 
(diagrammatic sectional view) 


j si^hvv Miwivutfvd iu viiiavudAwu uo mu* v 

and more fluid accumulates within it, 
TlftsLt esults in expansion of the outer laye r 
oyblastodermk jt esicinalscLcffled BLAf 
TOgXS-T)-,uiiQ a voluminous membrane. 

Rismembrane at a later stage draws food 
for the vo l k lfiss embryoTmm fig 
Vrcul^ i mu i f J ha jnother, Thus the layer 


Gastrulation and Formation of 
Germ Layers 

Gastrulation is another visible dynamic 
event of embryonic development. The 
cells of the undifFerenti atetUilasuilai^. 
in fcggg and toads) and th^blastedfifflUC. 
vesicle (e.aJn mammals) visibly move in 
smal l masses or as sfieets of cells to attain 
the final locat ion. Such movements of , 
cells is called pSSniooENETic movET 
^EhS?and the overall event, 

TION , Thi s process results in the form a- 
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Fig. 41.7 Three stages in the formation of endoderm in a pig blastocyst (blastodermic vesicle) in sectional 
view (diagrammatic). A—-C, partial sections; X-C/. Sections of the entire embryo 

t 

t iaiLof three germ layers . cell mass of the young embryo gets differ- 

Jn alltriploblastic animals, (i .e. animals entiated into three germ layers, i.e ^ECTQ-. 
havingthree germ layers in their embryos) derm. MESODERM an d endoderm. Once, 
including mammals the undifferentiated these germ layers are differentiated, the 



, ('W.'J'S (.N; VoC t /<-t »-‘!1 tw-vto. v >tW(?U - 

developmental fate of the ceils e< ■ mposing called thej rrrmnive^in. The primitive gut 

rstage of development different;. 


each of the germ layers gets determined. 
1 hus, each of these germ layers is destined 
to develop specific organs and organ- 
systems of th e individua l to Se developed. 
1% examplef ^toden^dteing the outer ¬ 
most layer of the" emErvadifferentiates 
into structures likffiTin, brain, spinarcgflL 
'an^ner^ ./F.ndnrip.rB Fwffcnlstheinner^ 
mosUaii t-of the embrvo. differentiate; 
into the primitive gut. The primitive gut 


at a later stage of development differenti¬ 
ates into two portions. One portion within , 
the body .of.the embry o,constitmiMti^ 
pnjqj he other portion as a distal 
" ^mmucicates with the gutofthe embtyT 
and is termed the yolk sac,. 


Farmatim nfi Embryoruc iJisc\ Soon after 
the e migratio pljdU^an^ ^ermal cells , 
constitutmgthe wall of yolksac, there 
T-r^ ^ra —x—=— . t. maining mass of cells of the inner cell 

it 8 7, l* 1 

enteron_^_§utJ, iq jm. formu lae ment of ce {{ s _ ^ t hj s sta ae-oLdiffer entia. 
differe&rgffGMrespf digestive and respw tion t henar r P )i ma « i^n#. 
ratory system , the urinary bladder. The 

—*J-"--- -f*'-- t*rTL- >. 




middle part of the nay. (flesoderrfc which 
is the middle layer, differentiates into va ¬ 
rieties of other structures lik^ npmchnrc 
MtgclesJreart. blood ves.selsTlcimievslSa- 


jn ads. etc . 

■' Without entering into the complicated 
process of differentiation of all these 
structures (organogenesis), let us learn 
brieflf4iow the three fundamental germ 
layers—the cellular basis of difterentia- 
tion of different organ-systems—are laid. 


Formation ofEndoderm : In mammals the 
enlargement ofthejalastodemtia^sicle is 
s oon followed by the detachment of some 
cells from the inner cell massiF?g 41.7A 
& A / ). The detached cells push out into | he 
blgstocpel to become tlrnfirirteTiripriftmia) 

41.7B & B'). These cells rapidly Fa *e »/ Germ 
increase in'number to constitute the sec- Daueloi ment 
ond complete layer inside the original 
outer layer of the blastodermic vesicle 
(Fig, 4 l,7C & C). Thus, at this stage of de¬ 
velopment the embryo in a sectional view 
will look like a tube enclosing another 
" tube of smaller diameter (Fig. 41,7C / ), 

I h S - i n wT . tube with t he lum en 


o n the jo 

ONfTrasr /Hg.41.8 A). 

Formation of Mesodprrfy: Formation of 
mesoderm start ron lyafter epdoderm is 
e stablished as a distinct cellular layer. At 
the£5udal margin of the e mbryonic*^ 
an increased rateof cell proliferation initi¬ 
ates. Such proliferation of cells results ia 
localised increase in the thickness of the 
disc. The pr oliferated cells subsequently 
g et detachecTTrom the embryonic disc 
(Fig. 41.8B & C) ant ) form ty. well (femar- ^ 
cated mesodermal layer. 


Formation off Ecto derm: After the forma- „ 
tHe remaining ceils of 
the embryonic disc arrange themselves in 
a layer to form the ectoderm-(41.8). 


Layers in Embryonic 


Prior to the emergence of the germ layers, 
the multiplication of cells by .mitoses-is. 
the main developmental event in anjans. 
bryo. T he establishment of the germ lay¬ 
ers initiates the phase of differentiation 
and specialisation. 

In fact, even within a particular germ 


_ ^ „ . mi i m iu lau, vTwiuuu «. pwwvuw gw**** 

^OlBCTally boundcd-by-4he^nd<?derm is_ layer, the cells which look alike to the 
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Cephalic margin 
Trophoblast 


Embryonic disc 

Caudal margin 
Cell proliferation 



Ectoderm of embryonic disc 


Endoderm 



Fig. 41,8 Three stages (A to C) in the formation of mesoderm in a pig embryo (diagrammatic sectional 
view) 


human eye, gradually form the localised 
groups with different developmental po¬ 
tentialities, These groups of cells change 
thetr shape and differentiate into morpho¬ 
logically recognisable structures and or¬ 
gans of the new individual. 


As the embryo passes through the proc¬ 
ess of development, the localised cell 
groups of the germ layers are sorted out 
bodily and visibly in an orderly fashion 
and with unique precision. Depending on 
the developmental potentialities\ the 



localised cell groups differentiate in to spe- another and reaggregate. Thus, the struc- 
cific structures as mentioned earlier. The tures and organs we are familiar with in 
sorting out of the cells in this process is adult body gradually take their shape from 
sometimes attained by folding off from the primordial cell groups of the germ 
the parent germ layer. Sometimes individ- layers, 
ual cells migrate from one location to 


SUMMARY 


In sexually reproducing metazoans the embryonic development starts with the 
fertilisation of an egg cell (ovum) by the sperm. Thus, a fertilised ovum is the product 
of union of two sex cells—the male and the female gametes. The fertilised egg cell un¬ 
dergoes repeated mitotic divisions which transform it into a sphere or disc of a large 
number of tiny cells. This sphere of cells is almost identical in mass and volume to the 
fertilised ovum, In different groups of animals the initial stages of development are 
more or less identical. Differences in the embryos of diverse groups in their appear¬ 
ance, shape, size and volume emerge gradually. Finally, the resultant adults from 
these embryos become conspicuously different from each other. 

The fertilised ovum in mammals and other higher animals passes through specific 
stages of development to attain the adult organisation comprising millions of cells. 
The totality of developmental events which transform a fertilised CBg into an adult 
form is called embryonic development. 

The successive preparatory and actual stages of development include: (i) the for¬ 
mation of gametes, (ii) the fusion of male and female gametes, (tit) rapid division of 
the zygote to form a sphere or disc of cells, (iv) and reorientations of the cells of the 
sphere or disc resulting in a three-layered structure, and (v> differentiations of cells at 
different locations of these layers to form structures and organs of the adult 
organisation. 

By the process of spermiogenesis the spermatids differentiate into structurally 
complex spermatozoa. In mammals, ova differentiate inside the Graafian follicles. 
Each follicle includes a large, non-motile ovum surrounded by the investment of fol¬ 
licle cells; Ovum is released with the rupture of the mature follicle. Ovum is with 
bulky cytoplasm and centrally placed nucleus and is almost free of yolk. It has a trans¬ 
parent, non-cellular layer around it. 

Fertilisation is the process of union of an ovum with the sperm. In this event the 
sperm contributes its nucleus and invokes the ovum in the path of development. In 
mammals, fertilisation takes place inside the Fallopian tube. Actively motile sperms 
swim like tadpoles in the fluid medium to reach the Fallopian lube—the site of 
fertilisation. Only one sperm gets entry into the ovum. Three major steps of 
fertilisation are: (i) penetration of the sperm into the ovum, (ii) activation of the 
ovum, and (iii) fusion of the sperm nucleus and the egg nucleus. After fertilisation, 
the fertilised ovum trickles down to the uterus for implantation. 

Fertilisation is a physico-chemical event. Acrosomc in the sperm head releases 



enzyme which helps the sperm to penetrate through the follicle cells and the non- 
cellular layer around the ovum. Certain receptors on the cell surface enable the sperm 
head to attach with the cell surface of the ovum. Enzymatic dissolution of the cell 
mebranes at the point of contact between the ovum and the sperm head takes place. 
This facilitates the entry of the sperm nucleus and a portion of cytoplasmic compo¬ 
nent inside the ovum. The entry of the sperm contents inside the ovum makes the lat¬ 
ter impermeable to any other sperms in the vicinity. The follicle cells around the 
fertilised ovum persist for some time. They disperse before the implantation of the 
ovum on the inner wall of the uterus. 

Cleavage is the process which transforms the fertilised ovum into a sphere of 
closely aggregated cells. The fertilised ovum divides repeatedly in close succession. 
The resultant cells are called blasiomcres. The plane of the first cleavage division 
runs through the animal-vegetal pole axis of the mammalian ovum. The first division 
is followed by the second division of the first two blastomeres. The second cleavage 
division occurs at right angle to the first division and to each other. This division re¬ 
sults in Ihe four-cell stage, Subsequent cleavage divisions proceed one after another 
in an orderly manner, but in less precise orientation. These divisions occur in great 
rapidity without any time interval for lhe growth of newly formed blastomeres. Thus, 
with more and more segmentation divisions, the resultant blastomeres, become 
smaller and smaller in size. After several such divisions the small blastomeres assume 
the shape of a compact ball of cells called morula. Cleavage divisions do not bring any 
appreciable increase in the mass of protoplasm in the developing embryo. But there 
is a marked increase in the chromosomal DNA contents of Us cells. 

Due to the rearrangement of blastomeres a central cavity is formed inside the 
morula. This sphere of cells with a cavity (blastodermic cavity) at the centre is called 
blastodermic vesicle. With the accumulation of more and more fluid in the blasto- 
coel, the outer layer of the blastodermic vesicle (also called blastocyst) expands into a 
voluminous membrane. This layer of cells which draw nutrition for the implanted 
embryo from the mother’s uterine circulation is named trophoblast. The 
trophoectoderm does not form part of ihe embryo proper and eventually develops 
into the foetal portion of the placenta. 

An internal cluster of cells, called ‘inner cell mass’ aggregates at one pole of the dis¬ 
tended blastodeermic vesicle, the ‘inner cell mass’ forms the body of the embryo 
proper. The blastodermic vesicle, as the developing embryo, gels implanted in the 
inner wall of the mother’s uterus with the help of the placenta. 

Gastrulalion is the visible dynamic event of cell movements (morphogenetic 
movements) in the blastodermic vesicle. The cells of the blastula or the blastodermic 
vesicle move in small masses or in sheets to reach the final locations. The cells of the 
blastula (blastodermic vesicle) thus get differentiated into three germ layers—ecto¬ 
derm (outer), mesoderm (middle) and endoderm (inner). Each of the three germ lay¬ 
ers is destined to develop specific organs and organ-systems of the developing 
animal. 

Endoderm in a mammalian embryo is formed as the second layer by the delami- 
nation of cells from the ‘inner cell mass’. With the formation of inner endodermal' 
layer the embryo, in a sectional view, appears like a tube enclosing another tube of a 
smaller diameter. The inner tube with the lumen internally bounded by the endoder¬ 
mal cells is called primitive gut. 

Soon after the constitution of the wall of the yolk sac, the remaining 
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cellsofthe‘inner cell mass’ gel consolidated by regular arrangement. At this point of 
differentiation the 'inner cell mass’ is called embryonic disc. 

Formation of mesoderm initiates only after the formation of endoderm as a dis¬ 
tinct cell layer. At the caudal margin of the embryonic disc, the increased rate of cell 
proliferation results in the localised thickening of the disc. These proliferated cells 
subsequently detach from the embryonic disc to establish as the well-demarcated 
mesoderm. 

After the emergence of the mesodermal layer, the rest of the cells of the embryonic 
disc orient themselves in a layer to form ectoderm, 

The establishment of germ layers starts the phase of differentiation and 
specialisation. The localised cell groups of the germ layers are sorted out in an orderly 
fashion and unique precision. Thus, the structures and organs of the animal body 
gradually take their characteristic shapes. 


QUESTIONS 


1. Enlist the major phases of embryonic development, 

2. Distinguish between; 

(a) spermatogenesis and spermiogenesis. 

(b) corona radiata and r.ona pellucida. 

3. Draw a mammalian sperm and label its four major parts. 

4. Compare the structure of mature mammalian sperm and ovum. 

5. Write three essential points about the mechanism of fertilisation. 

6. ‘Fertilisation is a physico-chemical process’. Explain. 

7. What are the significant differences in the mitotic divisions in the process of 
morula formation and gamete formation? 

8. Describe the formation of blastodermic vesicle in a mammalian embryo. 

9. Distinguish between: 

(a) morula and blastula. 

(b) blastulation and gastrulation. 

(c) trophoectoderm and ectoderm, 

10. Describe the formation of three germ layers tn a mammalian embryo. 

11. What are the main structures and organs which differentiate from the ectoderm 
and endoderm of an embryo? 

12. ‘A fertilised egg is a blueprint of future development’. Explain. 



CHAPTER 42 


GROWTH, REPAIR, REGENERATION, 

AGEING, DEATH 



IN the pervious chapter you have studied 
how a fertilised egg of a multicellular ani¬ 
mal is transformed into an embryo. You 
must have noticed the unique orderliness 
in this developmental process. Though 
apparently it seems that the event of de¬ 
velopment ends with the formation of dif¬ 
ferent organs and systems in the embryo, 
transforming it into a young individual 
(that is, a foetus in the case of a mammal), 
it does not. In fact, it continues in some 
form or other almost throughout the en¬ 
tire span of life. Change is the key word of 
development and differentiation which 
operates till the death of the individual 
animal. An embryo is transformed into a 
young one through a series of changes. It 
grows through a set pattern to become a 
full-grown one (GROWTH). That is, it at¬ 
tains a final shape, size-apd weight (ex¬ 
cluding the weight of food in its alimenta¬ 
ry canal). It performs all the vital life 
processes to remain alive. In the body of 
multicellular animal, cells and tissues 
meet with constant wear-and-tear process 


spontaneously and sometimes acciden-' 
tally. Some of these cells and tissues, and 
sometimes even the body parts of some 
animals, fire replaced and renewed (re¬ 
pair and . Rfi iFNERATloN ). You have ' 
TShrntin Chapter 2 that the members of 
animal species live through an average 
period of time (life-span), which varies 
from species to species. They gradually 
show signs and symptoms of growing old 
(AGEING) and, eventually, die. 

All the above changes (other than the 
death) may be described as post- 
embryonic developmental events at the 
level of an individual. At the cellular level, 
these changes involve one, two, or more of 
the processes of growth, division, move¬ 
ment, elongation, differentiation, ageing 
and replacement of cells. Now you will 
study briefly the processes of growth, re¬ 
pair and regeneration, ageing and death. 

GROWTH 

You must have seen kittens growing into 
cats, puppies into dogs and human babies 


i 
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into young children. Have you ever won¬ 
dered how they attain such a change? This 
is because of the biological process of 
growth. Growth is an important property 
of life. All living objects exhibit growth. 
You have learnt about plant growth in 
chapter 31. Let us now try to understand 
the biological meaning of growth and try 
to comprehend its nature and process in 
animals. 

T he frodv of allmuli k ollukr a n ymakis 
a do^operative of cell aRg regates different i- 
ated into tiss ues aod. nrgans . So outwardly 
perceptible changes in shape and increase 
in size, volume and weight involve some 
concurrent changes in the cells the animal 
body is made of. A fully formed animal 
embryo is constituted of all or most of the 
organ rudiments. Thus, at this stage, the 
morphological plan of the animal body is 
established. All the early developmental 
stages described in the preceding chapter 
may be collectively . called 
PREFUNCTIONAL STATE OF DEVELOP¬ 
MENT. The biological processes of growth 
and differentiation enable the anirtfal to 
enter the functional state of life. 

Growth may be simply defined as the 
‘increase in size and weight of the organ¬ 
ism due to the synthesis of new proto¬ 
plasm (also the fibres and connective tis¬ 
sues or matrix which are formed by the 
cells of higher animals like a mammal as 
apoplasmatic substances)’, You have al¬ 
ready learnt about the building up or ana¬ 
bolic and breaking -down or catabolic 
process of metabolism. So the growth of 
’ human or any other higher animal body 
takes place by the addition of new sub¬ 
stances, both protoplasmic and 
apoplasmatic, when the anabolic process 
dominates the metabolic activity. Con¬ 
i' versely, when decomposition exceeds syn¬ 
opsis, first the internal food reserve (fat in 


the adipose tissues) is consumed to run 
the body machine, and then the energy is 
obtained at the expense of proteins of the 
protoplasm. This causes the depletion of 
the living matter, resulting in 
DEUROWTH. 

By now you have learnt that the visual¬ 
ly perceptible growth of the individual an¬ 
imal and the intrinsic growth at the cellu¬ 
lar (protoplasmic) level are just the two 
sides of the same coin. Let us now explain 
these two aspects of growth. 


Cell Reproduction and Cell Growth 


At the cellular level, the growth oF all mul¬ 
ticellular organisms is governed by two 
main activities. These are reproduction 
and growth of individual cells of the body. 
You have already studied under the sec¬ 
tion on cell cycle and mitosis in Chapter 
11, how with unique precision the cells di¬ 
vide following the cycle of phases Gi, S, 
G%. During the ioterphase stage, new ma¬ 
terials such as nucleic acids and proteins 
are synthesised in the cells and thus the 
cells grow. 

The growth of individual cells compos¬ 
ing the body is the vital and the most es¬ 
sential factor of growth in all multicellular 
animals. The rhythmicity of cell multipli¬ 
cation and growth can be studied well in 
tissue culture or in culture of unicellular 
organisms. But it is extremely difficult to 
measure the actual growth of tissue cells 
within the body because of their size and 
location 


Growth of the Animal Body 

By now you have understood that the 
growth of an animal is related to the, 
growth of the body cells, But the relation¬ 
ship between the two is by no means a 
simple one. In tissue culture with suitable 
nutritive medium tissue cells may gro^? 
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Fig. 47.1 A. Ideal sigmoid curve; B. Sigmoid curve depicting intrauterine growth of the white rat 

exponentially like the unicellular organ- due to the rise in the number of cells con- 
isms. But in tissue cells inside the body of stituting the body. The increase in the 
multicellular animals altogether different number of cells is brought about by the 
conditions exist and, thus, they 'do not mitotic divisions. In this case, however,, 
grow exponentially. the average size of the cells remains the 

The growth of multicellular animals in same or increases almost insignificantly, 
relation to growth and multiplication of This type of growth is witnessed quite 
their body cells falls under three commonly ia^xt 3 bry®L(See Chapter 41). 
categories. It is also the characteriatic_of prenatal 

In the first category, the volume of the ffiSwtfrot higher y^rt^r^s This catego- 
body increases due to the growt h bo^Y ryof growth is described as multirlica- 
Wfls without r >n 'y i " frMii> in thp number tive growth. 
of CEHsTRare examples of such growth are K Po st-eUffifvonic growth of ammals-in 
rotifers and~a group gen eral is due to mitotic multiplication of_ 
of early chorda tes (tunicat e) Thistyp ^ of gome special types of cells occurring in 
growth is Call cS AUXETTC~GROWI H —iipftfiifiy locations nflhe body. The differ-^ 
In the secon<rcategory, growth results entiated cells of organs and tissues of the 
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body lose the capacity of division. As von 
know, they peiform physiological func¬ 
tions for the survival ofthe nmtmtl, where • 
as the special cells remain in sindiherenti- 
ated slate as reserve cells. In case of 
necessity, they reinforce and replace the 
worn-out differentiated cells. In such an 
event they differentiate into the type of 
cells that they reinforce and replace. I his 
type of growth constitutes the third cate¬ 
gory and is called aoc'RFTIonary 
GROWTH. 

Animal Growth ffafe 

As discussed earlier, by growth we mean 
the perceptible and measurable increase 
in the mass of living substance. So by sim¬ 
ply weighing a growing animal if you find 
an increase in weight you can infer that 
growth has occurred. All higher animals, 


including man, mow at a specific rate and 
rhythm They not mally stop growing long 
before the death (if the total body mass of 
the individual is considered). The growth 
rate is not uniform, rather it is differed 
tiai. I hat is: they grow at different rates at 
different periods of life. The rate of 
growth can be depicted in a curve by plot¬ 
ting the weights of the individual taken at 
different time intervals (in years) on a 
graph paper. 


Growth Cunw; By weighing a growing ani¬ 
mal. say a puppy or a human baby, from 
birth till the growth ceases (adulthood) 
and plotting the weights (in kg) against 
time (in years) on a diagram one can easily 


get a growth curve (Fig. 42.1 A). When the 
data (weigh t s) areplotted.aitainHTInirthe^ 
S grve 'Wl Tfse slowly at first showing a^ 
-flow increase in the weight of the body^ 


HOW THE WEIGHTS OF DIFFERENT PARTS OF HUMAN BODY 
CHANGE FROM BIRTH TO ADULTHOOD 
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2 months (Foetalj 4 months (Foetal) Newborn 2 yrs . 6 yrs 12yrs. 25yrs 


Fin. 42.2 Foetal and postnatal stages or a human being drawn to the same total height to show the character* 
islie age changes in the proportions of different body parts 


(or sizel ^more precisely the living mass of 
the body . Then, t here will be a steep rise of 
t he curve for a period and in the last part' 
t herise of the curve will gradually slow " 
down and run para llel tn th P tinri^ntaf " 
baafe jirte indicating time (Fig. 4 2.1 A). 
Suchac urvewill usually beS-shayed and 
is call edfclGMOlD cURv|, < rhis is the char¬ 
acteristic growth curve of all higher ani¬ 
mals including man. If the increments in 
growth for equal time intervals are mea¬ 
sured, the increments during different 
time-periods of life of an individual ani¬ 
mal can be estimated. The difference be¬ 
tween the initial and the final weight (or- 
sfee) of an individual, for any period 
of time (irrespective of other factors) is 
the ABSOLUTE INCREASE. 

Growth of Human Body Parts 
In human beings, as in other animals, the 


growth of different body parts (head, 
neck, thorax, limbs, endoskeleton and in¬ 
ternal organs) does not occur uniformly at 
the same rate till thpy attain the final 
shape, size and weight. The growth cates 
of different body parts are different. If you 
examine a human baby critically from 
birth for years you will be amazed to note 
how shape, size and weight of the body as 
a whole changes at different rates, and 
paces (Fig. 42.2), 

For example, a human foetus or a new 
bom human baby has a head disp ropor¬ 
tionately larger in m-t he rest of its - body , 
(Fig.42.2). You will get a clear i<tea * 
growth (external appearance, shape's ti 
apd sizes of morphological parts,; of 
the body) of ah individual by comparing 
his photographs, taken at birth,.jduring 
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early and late childhood, and during ado¬ 
lescence and adulthood. 

Hormonal Control of Growth Rate in Man 

The rate of growth in man from birthjo 
10-15 years of age (childhood) is’ quite 
slow. Thymosin hormone secreted from 
the thymus gland controls the growth dur¬ 
ing this age period. Towards the end of 
childhood due to the enhanced activity of 
thyroxine and somatotrophic hormones 
(STH) growth rate starts increasing. Dur¬ 
ing puberty (14 to 18 years of age) the rate 
of growth becomes fast and reaches the 
peak point due to the enhanced secretory 
activity of pituitary and other endocrine 
glands. At this phase of life due to the ac¬ 
tion of testosterone in males and oestro¬ 
gen and progesterone in females the sec¬ 
ondary sexual characters appear in Jhe 
body. With the completion of the puberty 
stage the human male and female become 


full grown. Sex organs in both the sexes at¬ 
tain full maturity, Usually after 18 years 
of age the physical growth of the body 
starts declining and almost ceases after 
the age of 22-23 years. 


approximate aqbs of sexual 

MATURITY IN SOME 

COMMON SPEaES OF MAMMALS 

Species 

Age ofMaturity 

Human being 

^Ll-16 years 

Asiatic elephant 


! White-handed gibbon 8 years 

Fin whale 

'’Yyears 

Rhesus monkey 

2-4 years 

Horse 

1 year 

Cat 

6-15 months. 

Dog 

N 6-8 monthsr 

House mouse 

_35 days 


pig, 42.3 depicts the X-ray diagrams ofthe phalanges andsmall pieces of bones of 
palm and wrist ofa human child at the age of 5 yeans (A) and 10 years (B). Note the ' 
gaps between phalanges and the small pieces of bones due to their cartilaginous 
nature in A. Due to the calcification and growth qf small pieces of bones gaps have 
> been minimised in B. The growth ofthe body also results in the elongation of 
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REP-A1R-ANP REG ENERATION 

Our body spontaneously loses cells from 
some specific organs. From the surface 
layer of the skin and the inner lining layer 
of the gut, cdlaa csregularly peeled off and 
replaced by the newly formed cells. Red 


blo^d cells live for a short span of life and 
die inside the spleen._Red blood moth 
celjsJnjJi£_bone mar row""‘egula'rly gen er¬ 
ate new ceilsuTreplSce the dead cSttsr 
Such spontaneous iW^fLcells-atrd-regmr 
eration is common in vertebrate and in¬ 
vertebrate animals. So hosts of animals in 
their adult and larval life enjoy the power 
of cell replacement and regeneration. Man 
and other animals receive cuts and 
wounds which are soon h ealed up b 
ised cell proliferation a 




varies widely in different types and groups 
of animals. Some can reconstitute a small 
body part and others a large one. While 
some forms can restore the whole body 
from a small fragment, others fail to 
that 


naria ire endowed with th^'power of re 




the body. Let us now have a brief over 
view of this post-embryonic morphoge¬ 
netic process in different groups of 
animals. 

Regenerative Ability in Different An imals 

an^REST ORATIVE ~REGEhT I^ 
jv&icms* are the^tWtfprincipal categories 




jl 1 »Ti 


S, 

a] 


awakening of t he mo 

his process in- 
cludes cell multiplication and differentia¬ 
tion (in some cases dedifferentiation). 
Such post-embryonic developmental 
events in multicellular animals are collec- - 
tively called re p a ire d j egg neration . The. 
climax of thi? process is theregemftation 

Of the whole qbdv frntr| ftar.h nFthp 

body figments 

r RegenerationTanSorphogenetic mecha¬ 
nism, can be described as a ‘process of re¬ 
pair, replacement or revival of the dam¬ 
aged and severed body parts (structures) 
or reconstruction of the whole body from 
a small fragment of it during the post-., 
embryonic life of a multicellular 
animal’. 

In fact, most of the multicellular ani¬ 
mals have the ability, at least to some ex¬ 
tent, to reconstitute the lost or damaged 
body parts. The power of regeneration 


jvtfior p' are theTWoprincipal categories 
of animal regeneration. While restorative 
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arthworm 


pable of regenerating a few body segments 
severed from either o r bot 
~ rior or posterior) of t 
able to reconstitut e th e 
eye-stalks, parts o t h ead and toot Limbs 
‘are regenerated in s ome insects, crusta¬ 
ceans and spidery s tartish and other echi- 

Wgrrf^arp u/eiT Irnnwn far fact regenera^ 


*^aong ampiuoian^ salamanders and 
axolotl larvae are unique for their power 
r> F regenerating some organs and boHy^ 
parts such as lim bs Ttail . jgte ma l eillsT 
ja wc intpctinp^^-^yB striirtnres.ih i:ou6b-~ 
pn‘rijfep »T ytpril^»larvae (of toads and 
frogs^are f^pa hls nf regenerating the am ¬ 
putated tail as als o the h ind legs when 
quite young. Regeneration of some parts 
of fine in-fishes, the tail in lizardsaM the 
beak in birds i s alamiliar ~ occurrence. 
Mammals including man, are incapable 

















However, th fjive^ as an <»*. 
eg^gjjns the exten^ivf po^rofrepar^ 
tive regeneration. If a part of the liver k 
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ray is perhaps a special adaptation 
for escaping the dangers such as an 
attack by a predator, 

’ testoratlve"ragener.iti?Wi of extern 
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Mechanisms of Regeneration 

Two primary mechanisms of regeneration 
in animals wefe recognised first by T.1I, 
Morgan. One of the two is morph ' mlaxis 


reconstitution o 




Dar^^Jjoin each of the small fragments by 
reorienting and reorganising thelilstihg 
body cells. As a consequence, the regene¬ 
rated organism becomes conspicuously 



Fig. 42.4 A. Regeneration in Hydra. Each of the three body segments regenerates into a fully formed 
individual. 
















smaller than the original one te.g. Hvifrnp ever, it grows and attains normal size after 
after the completion of the process (How- sometime). The other mechanism is 



Fig, 42.4 8 Cellular architecture of tho hypostome regeneration ui Hydra (anterior part in a longitudinal 
section) (Photomicrograph under the oil immersion objective lens of a light microscope), 
Note the regenerating dome-shaped hypostome a,l the cut end (top), The distinct ectoderm and 
the endoderm separated by a thin layer of mesoglea (revealed as thick black line) are also visible 
in the body wall {Courtesy: Prof. J, Mitra). 










s_ place by the 
the surface of the wound. R egeneration of 

*»i ll aiZ V * * &,. 



regenerating 


decapitated 


« icw groups ol animals SUCft as 
p onfers (sponges), coelenterates, fl at 
wQQps, nsm gjteans and some ascidianc 
have the_ab ili t ^wconi ttiiut& the w^nt* 
the organism from a small, isolate 

ed POrtign or. | fraompnt 0 f the original 
■ bo ^ll MV(fr am ong coelenterateifliul 
\.he{Plamria Among Hat worms, exhibit 
1 this typeotregeneratlon. W hen their hryty* 
is cut into a few to several parts (Figs. 
42.4A and 42.5) transversely, each part 


' r -- f u iu-a p a m v; uc l 

pmveroT repetitive regeneration has bt 
stowed upon this small animal the quality 
of virtual immortality. Fragmentation 
and regeneration are the familiar mode of 
asexual multiplication of body in several 
of these animals. 

Regeneration of a lost limb in salaman¬ 
der involves first the spreading of epider¬ 
mis from the edges of the wound to cover 
the exposed surface. This process takes 
one or two days. During the next few days 
the epidermis covering the wound starts 



Wl^foraed^Misni” 0 ^ ° f ** lhrCC lransverscly cut body fragments regenerates into a 
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RECONSTITUTION OF THE BODY 
FROM ISOLATED CELLS 
Sno nees can be easily dissociated 
I nto their^podv ceils, is ol ated^cells 
'cfawU0e&B4 he surlacToftKe coiv~ 
tajjafiijreaggregating themselves into 
"ta rgemasses.T ^SiTci “aggregates 
feorgamsesinto new individuals. 
Different types of isolated body cells 
(i.e. archaeocytes, collar cells and 
dermal cells) reaggregate to restore 
the body organisation. These cell 
types sort them out and take up their 
specific positions in restored 
organisation. Each type of cells per¬ 
forms the same function as it per¬ 
formed in the original spon ae-bodv. 
Similarly, the indivi dual Hydr a-can, 

also he dTs cn^iatftfl inm Ewe cells. 
SucFfceiis can also aggregate and re¬ 
store the body organisation with 
clearly demarcated ecotoderm and 
endoderm. 


bulging outward and takes a conical 
shape. A mass of accumulated cells below 
the epidermis proliferates actively and to- 
gethejovith the epider mal coveri ng forms 
the 

This bud then undergoes differentiation 
to restore the internal fi nd external stc uc- 
tvrfes of the lost fore-or hind-limb and 
eve_hja aHy the rudimentary limb i s 
f ormed? Regeneration in a tunctional 
adult or larval body in almost all cases is 
influenced and controlled by the neural 
and hormonal factors. 

' Fronrihe foregoing account, you may 
like to conclude that some animal groups 
which are lower in the scale of evolution 
with simple organisation, have greater 


power of restorative regeneration than the 
higher ones with complex organisation. In 
higher groups of animals this power is lim¬ 
ited to reparative regeneration only. 

AGEING 

You know all living organisms live 
through a span of time and then die. The 
average life-span of different groups of an¬ 
imals varies widely (see Chapter 2). Some 
live for a short period and some for an in¬ 
termediate period, while some others live 
for several years or decades and even cen¬ 
turies. It is believed that Hydra as an ex¬ 
ception, is an immortal creature being not 
subjecf to ageing. Every animal grows, at¬ 
tains maturity and then becomes old and 
senile. Death comes as the end result of 
old age. So the animal lives through a nor¬ 
mal span of life. However, the average 
life-span of living organisms does not take 
into account the premature death due to 
accidents and predations. Once the physi¬ 
cal maturity is attained further changes 
take place as the body ages. 

With the advancement of age after ma¬ 
turity the body of an individual undergoes 
certain gradual changes. These are: 

(i) decline in the metabolic efficiency— 

(ii) rlerrease j p the ptUYfif ftf rfTl? I H" fl t* 1 ? 

worn out cellSvr e pairing the damaged 
tissues, organs and organ-systems. 

' One or more vital organs of the body 
(e.g. heart, ki'dnev? hrain., liver^etcH 
b ecomes functio ^^Hy inefficient.. 
Manifestation of these changes as tbe in¬ 
dividual grows older is known as ageing. 
Such ageing ultimately results in death of 
the individual. Thus, ageing may be de¬ 
fined as the deterioration in the structure 
and function of the body cells, tissues and 
organs of an animal. 








Changes with Age 

1 .Marphologinti and Phymhfiiuil f ‘hur.t,* \ 
You may be familiar with some viable 
changes due to ageing. You must hove no¬ 
ticed old men and women with thin, shov¬ 
elled and stooping body and with dry 
wrinkled skin. \ hese arc conspicuous visi¬ 
ble changes Signs and symptoms W age¬ 
ing in man are too many. Some aie exter¬ 
nally observable, wh.le others relate Vo 
structure and functiot of imernil utgam 
and syaems. Lei us row discuss ‘f<me of 
these sign. and symptoms. 

With age. the efficiency of the hear, to 
pump bicod c rops. The brain end the kid¬ 
neys receive tat less Wood; the amount of 
blood ci.'culating through the lungs de¬ 
creases. V/ith the advancement of age. the 
kidney tubules and tf e taste buds m the 
tongue are reduced considerably in num¬ 
ber. The bone marrow produces far less 
red blood cells. Cells gradually lose the ca¬ 
pacity of retaining water; tissues become 
drier; the volume of blood in the body de¬ 
creases. All these changes in old age result 
in reduced circulation of Wood and de¬ 
creased formation of urine. The old man 
is characterised by thin, shrivelled and 
stooping body with dry and wrinkled skin, 
flabby and emaciated weak muscles and. 
brittle bones. Such changes also occur in 
other mammals and other higher 
animals. 

You are already aware of externally 
manifested signs and symptoms of ageing, 
These can be easily studied and found out. 
All these changes are, in fact, the result of 
physical and physiological changes within 
the cells and intercellular spaces in the tis¬ 
sues. The cellular and extracellular chang¬ 
es cannot be easily investigated. 

The branch of biology named geron¬ 
tology deals with the study of the proc¬ 
ess of ageing. Gerontologists have worked 


out quite a large number of changes in 
veils and extracellular substances of dif¬ 
ferent tissues of several kinds of ageing 
animals. 

1. Ctlluhir s 

("hromtixomal rknortraiifies and gene 
mutations m the nuclei of body cells are 
the conspicuous changes occurring due 
to ageing. ) bus, such changes alter the 
genetic mflcnitt—-the UNA structure, 
bur example, in mice, dog and man 
with the increase in age, the liver cells 
exhibit ircreaseU number ofehromoso- 


AGUNU-SOME INTERESTING FACTS 

• Ageing causes considerable cell 
deaths if, nerve tissues. Dead cdls 
are not replaced by the newly 
formed ones, as the cell divisions 
in nerve tissues cease quite early 
in life. On an average, 20 per cent 
of nerve cells in the brain die at, 
the age of seventy. It often affects 
memory, especially of recent 
events. 

• Power of hearing starts becoming 
less acute after the age of ten. 

• Egg production and menstruation 
ceases about 30-40 years after me 
first one. Phis change due to age¬ 
ing is called ‘menopause’. 

i 

• Rapid coordination of body parts 
starts declining after twenties. 

• Average life-span of women is 

longer than that of men, The bior / 
logical process of ageing is faster b 
in human males than in human fit 
females. • . 

. ' _.. 



mal aberrations, it has been found that 
with increasing age, the enzyme aldolase 
synthesised by the mice liver cells be¬ 
comes more and more inactive. The body 
cells of older animals contain greater 
amount of defective proteins. This is due 
to the increased defects in the DN A struc¬ 
ture. Pigment accumulation in the cells of 
the aged animals increases considerably, 
especially in the tissues of the brain and 
muscles which lose the power of division 
quite early in life. Some experts believe 
that these pigments are the worn-out cell- 
organelles such as mitochondria. 

With the advancing age, the body cells 
gradually lose the power of multiplica¬ 
tion. Cells from the lungs of a human foe¬ 
tus in a tissue culture medium keep on di¬ 
viding for about 50 times and then their 
vita'ity ceases and they die. On the other 
hand, the lung cells obtained from the 
aged human being divide far less number 
of times. The power of multiplication of 
cells in different tissues of tie body is dif¬ 
ferent. Further, it seems that the cells of 
different tissues exhibit age-related chang¬ 
es (changes that characterise ageing) at 
different rates. 

3. Extrrcdlular Changes 

Cells secrete various substances which 
fill the intercellular spaces in all tissues. 
These substances include polysaccha¬ 
rides and fibrous proteins. Roughly, 40 
per cent of the total protein content of 
the body comprises collagen. Age- 
related change in collagen has been ex¬ 
tensively studied. As the animals grow 
older the properties of collagen under¬ 
go marked changes. These changes are 
directly linked with the process of the 
' ageing of the cells find the body as a 
whple. 

Collagens, one of the important extra¬ 


cellular protein, when young are per¬ 
meable, flexible and easily soluble. 
Ageing makes collagen less permeable, 
rigid and insoluble. Such alterations in 
the propeities of collagens interfere 
with the functions of cells that they sur¬ 
round. Oxygen and nutrients find it dif¬ 
ficult to diffuse into the cells. Changes 
in the properties of the surrounding 
collagens stand as a definite impedi¬ 
ment for the smooth expulsion of car¬ 
bon dioxide and nitrogenous wastes 1 
from the cells of the tissues. Thus, the 
old and aged collagens as extracellular 
substance obstruct the diffusion of ma¬ 
terials into and out of the cells. Such 
mechanical obstructions result in the 
deterioration of cell functions and has¬ 
ten the ageing process of the cells com¬ 
posing different tissues including those 
of the vital organs. 

Ageing—Some Unanswered Questions 

Till today, the biological process of age¬ 
ing is not fully understood. Why do ani¬ 
mals undergo ageing? Why do some 
groups of animals age earlier and have 
shorter life-span than others? Why do 
even the individuals of the same group 
not age at the same rate and time? Why 
even within the body of an individual 
do different types of cells and tissues 
show the signs and symptoms of ageing 
at different rates and times? Why do 
different cells, tissues and organs of an¬ 
imals deteriorate in structure and func¬ 
tion as they grow older? What are the 
causal reasons behind all these events, 
and differences? What are the factors 
primarily responsible for all these? In¬ 
vestigators are still continuing their, 
search to find, answers to these ques- 1 
tions. Based on the present knowledge 
and understanding of ageing, process , 



many theories have already been put for* 
ward by the gerontologists. 

Theories of Ageing 

Several theories have been advocated to 
account for ageing of cells, tissues and the 
individual as a whole. A group of theories 
postulates that ageing is caused by the ac¬ 
cumulation of some harmful products of 
metabolism in cells and tissues of organ¬ 
isms. Thus, the adverse changes in the cel¬ 
lular environment cause ageing. Some bi¬ 
ologists, on the other hand, believe that 
ageing in animals is dependent on an in¬ 
trinsic genetic property of the cells of the 
body. To make a compromise between the 
above two theories a ‘compromise theory' 
has been put forward. According to this, 
the process of biological ageing is an out¬ 
come of interaction between the genes-— 
the bearers of hereditary characters—and 
the environment. For example, domesti¬ 
cation increases the span of life in ani¬ 
mals. Domestication results in the change 
of environment of the habitat in which the 
animals live. Another theory postulates 
that the animals with a high rate of meta¬ 
bolic activity age earlier and die sooner 
than those with a lower rate of 
metabolism. 

According to another group of theories, 
collectively known as ‘wear-and-tear the¬ 
ory’ of ageing, the cells and tissues of ani¬ 
mals -are continuously subject to ‘wear- 
and-tear’ process due to intrinsic and 
extrinsic stress factors. Thus, animals 
gradually exhibit the signs and symptoms 
of ageing and eventually die, 

‘Somatic mutation theory' advocates 
that the gradual accumulation of deleteri¬ 
ous gene mutations in the body cells re¬ 
sults in functional incapaciation of tissues 
and organs as ageing symptoms. 

Thymus gland produces cells which 


combat the disease-causing bacteria and 
other microbes. According to the recently 
postulated ‘immunity theory’ of ageing, 
our body slowly loses the power of defence 
against the invasion of germs and patho¬ 
gens. This process starts with the gradual 
atrophy and disappearance of the thymus 
gland duri ng middle age. Further, with the 
loss of this gland body p, iduces a greater 
number of abnormal and harmful cells 
which cause the increased rate of damage 
and destruction of tissues. According to 
still another theory the primary defects 
due to ageing appear at certain centres of 
the brain which control the functions of 
the endocrine glands. Such defects bring 
in hormonal malfunctions and imbalanc¬ 
es in the body. For example, many mam¬ 
mals. including man, show signs and 
symptoms of ageing with the reduced pro¬ 
duction of sex hormones in the body. 

I hough each of the above theories at¬ 
tempted to explain with evidence the biol¬ 
ogy of ageing in one or other animal, none 
could explain the phenomenon in a way 
applicable to all animals. We may have to 
wait for some lime more fora comprehen¬ 
sive theory of ageing. Such a theory can 
only be put forward with the accumula¬ 
tion of sufficient knowledge about the age¬ 
ing processes in diverse types of species. 

DEATH 

Death is a biological event which is due to 
permanent breakdown in body function¬ 
ing, usually occurring due to lack of oxy¬ 
gen supply to tissues. 'I he cells cease to 
perform normal function. The changes in¬ 
itiated in the cells block the restoration of 
normal function and lead to widespread 
cell breakdown and death. 

Causes of death due to ageing are many 
but they fall under two principal catego¬ 
ries. First, the weakening of the tissues 
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an( i vital organs such as heart, liver, kid¬ 
neys, etc., results in physiological and 
metabolic disorders of irreversible nature. 
Such disorder leads to death due to the 
total breakdown of one or more vital pro¬ 
mises of life. Sometimes, at a compara¬ 
tively older age, sudden blockage in the 
circulation of blr >d to the heart and brain 
tissues causes instantaneous death. Sec¬ 
ondly, due to ageing there is gradual 
breakdown in the immune system (a sys¬ 
tem which provides resistance to the body 
against the attack of disease-causing mi¬ 


crobes). Thus, due to the loss of body re 
sistance at old age individuals becomi 
vulnerably susceptible to infectious dis 
eases. Many old age deaths are due to thi 
attack of dreaded bacteria and othe 
microbes. 

Death is an inescapabl e event of life. 1 
istfifessential biological phenomenon fo 
maintaining the balance of'nature. It ala 
justifies the ‘perpetuation of self an* 
‘continuity of life’ on earth as two mean 
ingful characteristics of the living beings. 


SUMMARY 


The process of development and differentiation in the body of a multicellular animal 
does not stop altogether even after the emergence of functional organs and systems. A 
young individual grows through a set pattern to attain the final shape, size and 
weight. Further, in the individual’s body cells and tissues undergo wear-and-tear 
process. Some cells and tissues, and even the body parts of some animals are replaced 
and renewed. After attaining maturity, individuals gradually show signs and symp¬ 
toms of growing old and die eventually. ‘ 

The processes of growth, repair and regeneration and ageing maybe described as 
the post-embryonic developmental events. At the cellular level, each of these pro¬ 
cesses involves one or more of the cellular processes of divisions, movement, elonga¬ 
tion, differentiation, ageing, and replacement. ...... 

Differentiation and growth enable animals to become functional as individuals. 

Growth may be defined as increase in size and weight oNhedWiduXk ea ' 
sis of protoplasmic and apoplasmatic substances. The growl . 

place when anabolism dominates the overall metabolic prMess.mmcatabois, 
i e the breakdown process, exceeds the synthetic activity within the living body en 
ergy is obtained first by ite consumption of stored food and then by the breakdown 
of Droteins of the protoplasm. This is the process of degro 

The growth of the individual at the cellular level is dependent on cellmultvplica- 
lionaXeCowlh? But the relationship between the cell growth l52£- 

the body as a whole is by no means a simple one. In relation to the gro th , 

plication of cells constituting the body, the growthof animris 

SV u5*a-i—.«* <“ c £ ,i 'MSS? -SISSS 

case of necessity, reinforce and replace the wom-om 
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cells by differentiating into the tvpts d cells that they reinforce and replace. This type 
Of growth constitutes the third category and is termed 'acn cl unary growth*. 

All higher anirr als prow at a specific rate and rh ythm. The rate of growth can be 
depicted through a curve drawn by plotting the weights of the int ivid lal taken at dif¬ 
ferent time intervals (in years). Such curves, with rare i xceptions, will he 'S'-sh,.pcd 
(Sigmoid curves). 

However, *n human beings and higher animals different pt.rtsof the body g ow at 
different rates and paces. The rate of growth in man from birth to 10-13 years of age is 
controlled b) thymosin hormone. Towards the end of childhood the growth rate 
starts increasing due to the enhanced activity of thyronine and somatouophic hor¬ 
mones (SVH). During puocrty the rale of growth bi comes fast and reuchcj lh c peak 
point due to the enhanced secretory activity of pituitary' and other endocrine glands. 
At this phase of life, due to the action of sex ho .moncs secondary sexual characters 
appear. With the completion of puberty, individuals become full grown and sex or¬ 
gans mature. Usually after 18 years the physical growth starts declining and almost 
ceases after 22-23 years of age. 

Our body regularly loses cells from some parts such as skin, inner lining layer of 
the gut and mature red blood cells from blood. These cel Is are spontaneously replaced 
by the newly formed cells. Such spontaneous loss and regeneration of cells also occur 
in many other animals. Many animals can restore some body parts which arc acci¬ 
dentally or spontaneously damaged. Regeneration of the lost part involves one or 
more cellular processes of migration, multiplication, differentiation and dcdificrcn- 
tiation. Thus, regeneration is a morphogenetic mechanism for repairing, replacing or 
reviving the damaged and severed body parts or reorganisation of the whole body 
from a body fragment (e.g. Hydra). Hydra and Planaria arc endowed wuh the power 
of repetitive regeneration. 

Animal regneration falls under two broad categories—reparative and restorative. 
While the restorative regeneration is common in some invertebrate groups, the re¬ 
parative one is quite common in both invertebrate and vertebrate groups. 

Morphallaxis and epimorphosis arc two principal mechanisms of regeneration in 
animals. Morphallaxis is the process in which From a small fragment the entire body 
of the animal is reconstituted by reorientation and reorganisation of the cells of the 
fragment. Epimorphosis, on the other hand, is the process in which through prolifera¬ 
tion of the cells the lost body party is regenerated. 

The life-span in diverse animal groups varies widely. The average life-span of a 
particular group excludes accidental deaths. After physical maturity characteristic 
changes take place in the body as it ages. These changes include a decline in the meta¬ 
bolic activity and a decrease in the power of replacing worn-out cells and repairing 
the damaged tissues, organs and organ-systems. One or more vital organs of the body 
ultimately stop functioning. 

Ageing may be defined as deterioration in the structures and functions of cells, tis¬ 
sues and organs of an animal. 

Various changes due to ageing are categorised into morphological and physiologi¬ 
cal, cellular and extracellular changes. 

Morphological and physiological changes due to ageing are manifold. These 
changes affect structures and functions of skin, muscles, bones, etc. as also the vital 
organs such as heart, brain, kidney, etc. 
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Chromosomal aberrations in the cells of some organs, inactivation of cellular en¬ 
zyme® (e B aldolase in liver cells), formation of defective proteins, pigment accumu¬ 
lation and loss of power of cell division (in the brain and muscles) are conspicuous 
Changes in the cells due to ageing. 

Extracellular changes include structural and functional changes in collagen—-the 
prime extracellular protein. Young collagens which are permeable, flexible and easily 
soluble transform with ageing into a less permeable, rigid and insoluble type. Such al¬ 
tered properties of collagens interfere with the normal function of surrounding cells. 
Such mechanical obstructions cause deterioration of cell functions and hasten the 
ageing process ol'lhe cells and tissues of the body, including those of the vital organs. 

Biological process of ageing is not yet fully understood. Many questions pertain¬ 
ing to ageing remain unanswered. Gerontologists are still continuing their search to 
understand it fully. 

Many theories have been propounded to account for the ageing of cells and the in¬ 
dividual as a whole. Some experts hold the view that adverse changes in the cellular 
environment cause ageing. Others believe that ageing is dependent on the intrinsic 
genetic property of cells of the body. A ‘compromise theory’ advocates that ageing is 
an outcome of interaction between the genes present in thebody of an individual and 
the environment in which the individual lives. Still another theory postulates that an¬ 
imals with a high rale of metabolic activity age and die eailier than those with a lower 
rate of metabolism. 

‘The wear-and-tear’ theory of ageing lays emphasis on intrinsic and extrinsic 
stress factors on the continuous ‘wear-and-tear’ process of the cells and tissues of ani- , 
mals. ‘Somatic mutation theory’ holds that gradual accumulation of deleterious gene 


mutations in the body cells results in tuncuonai racapaciauuu 
as ageing symptoms. Accordingto the recently propounded ‘immunity theory of age¬ 
ing, gradual atrophy and disappearance of thymus gland jeopardises the defence 
mechanism of the body for combating invasion of germs and pathogens. With the ab¬ 
olition of this gland the body produces a greater number of harmful abnormal cells 
which cause the increased rate of damage and destruction of tissues. Still anothaTh - 
orv holds that the primary defects due to ageing develop at certain centres of the 
brain which control the function of the endocrine glands, Such defects result m hor¬ 
monal malfunctions and imbalances in the body which imuate cha g 


Ch ^Deathtaa biScal event which results in irreversible breakdown of body func¬ 
tions and usually occurs due to lack of oxygen supply to tissues. Changes initiate i 

to infectious diseases, during old age, >v yy j 
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BIOLOGY 


QUESTIONS 


1. Define the term ‘growth'. 

2. What are the three principal types of growth? Explain each of them with an 
example. 

3. Distinguish between 

(a) growth and degrowth 

(b) protoplasmic and apoplasmatic substances 

(c) auxetic growth and multiplicative growth 

4. Write notes on: 

( ■ (a) growth rate 

(b) growth curve 

(c) cell growth 

(d) accretionary growth - 

5. Describe briefly the characteristics of growth of human body parts. What do you 
know about the hormonal control of human growth? 

6. Define the term ‘regeneration’. 

7. What are the two main categories of animal regeneration? 

Explain them with examples. 

8. In what way is regeneration similar to embryonic development? 

9. Distinguish between morphallaxis and epimorphosis. 

IQ. Compare the mechanism of regeneration of Hydro from its body fragment with 
the regeneration of limb in salamander. 

11. What are the characteristic cellular and extracellular changes occurring in our 
body due to ageing? 


12. Write a note on the theories of ageing. 
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